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PREFACE 
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EXECUTIVE SUMMARY 

As a result of the terrorist: bombing of Pan American 103 over Lockerbie, 
Scotland, three major actions were taken by the United States Government 
to enhance the aviation industry's capability to counter such threats: 

a) The President appointed a Commission on Aviation Security and 
Terrorism to address related security issues and to make recommendations 
to ensure the future safety of aviation syetems. 

b) Congress passed the Aviation Security Act, which mandated the 
Committee on Public Works and Transportation to improve aviation 
security. 

c) Congress passed the Aviation Security Improvement Act of 1990 to 
promote and strengthen aviation security through research, engineering, 
and development. 

With these Research and Development (RGrD) initiatives in place, and in 
coordination with the Assistant Administrator for  Civil Aviation 
Security, the Federal Aviation Administration (FAA) devised an Aviation 
Security Research and Development Program (ASRDP) plan to implement the 
mandated recommendations. 

Starting in the late 1 9 6 0 ' ~ ~  small IR-guided Nan-Portable-Air-Defense- 
Systems (MANPADS) emerged as a serious threat to military aircraft. 
Since that time the military has made considerable progress in reducing 
the vulnerability of their aircraft to hostile air defense weapons o f  
all types. The designers of small IR guided missiles have responded by 
increasing the lethality of their armament systems to the extent that 
they are comparable in destructive capabilities to earlier vehicle 
mounted SAMs. 

MANPADS are small by design and easy to conceal. They can be 
reconfigured or disassembled into components that can easily be shipped 
in a large suitcase. These systems are simple to use and require 
minimal training. 

They are deployed worldwide and are readily available through legal and 
illegal means. 

The purpose of this study is to present a basic understanding of MANPADS 
capabilities and characteristics. 

RECOMMENDATIONS 

* 

1) Conduct a literature search relating to any items regarding MANPADS 
theory, capabilities, performance, and counter-measures. This will 
include inquiring data bases from government and industry. 

2) Team up w i t h  various intelligence sources to determine a MANPADS 
threat to world-wide commercial air transportation. 

3) After conducting recommendations 1) and 2) determine if there are 
any technical or intelligence gaps and pursue them. 

4) Publish and disseminate, to the appropriate organizations, a l l  
findings relating to recommendations l), 2), and 3). 
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1.0 1-u CTIOU 

1.1 purpo- 

Thie report: represente the initial remults of an on going effort to 
determine the effects of a terrorist act against traneport type 
aircraft. 
concealed bomb within an aircraft, thie teat studied the effects of a 
Man-Portable-Air-Defence System (MANPADS). 

The etudy within thie report repreeenta the reeulte of a field test 
conducted at Davie-Monthan Air Force Base ( D W B ) ,  Wizona, on Auguet 25 
and 26, 1993, involving the firing of two rniesile warheads, of the same 
model, at different locatione againet an actual aircraft atzucture. 

These tests are part of a plan to develop a blast damage data-base which 
will provide deeign recommendation6 for aircraft survivability methods 
and techniques, airport eecurity etudiee, and to further develop 
empirical and analytical techniquee for predicting damage to future 
aircraft. 

Where previoualy the threat was concentrating on a terroriet- 

Because theee base-line testa are preliminary the eonelueiona were 
limited and ehould be viewed cautiouely. 

1.2 Organiaation of R e p o r t  

This document ie organized in the following eectiona: 

Section 1: Introduction 

Section 2: Damage Fundamentals 

Section 3: MANPADS 

Section 5: General Teat Description 

Section 5: Test 1 Internal Shot 

Section 6: Test 2 External Shot 

Section 7 Conclusion 

Section 8: Leeeone Learned 

Section 9: Recommendationa 

1.3 Background 

As a result of the terrorist bombing of Pan American 103 over Lockerbie, 
Scotland, three major action6 were taken by the United Statea Government 
to enhance the aviation industry's capability to counter eueh threats: 

a) The President appointed a Commission on Aviation Security and 
Terrorism to address related security iaeuee and to make recommendations 
to eneure the future safety of aviation syatema. 

b) Congreas paesed the Aviation Security Act, which mandated the 
Committee on Public works and Transportation to improve aviation 
security. 

c) Congress passed the Aviation Security Improvement Act of 1990 to 
promote and strengthen aviation ascurity through reaeareh, engineering, 
and development. 

FOR OFFICIAL USE ONLY 
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With theee Research and Development (R&D) initiative6 in place, and in 
coordination with the Asaiatant Administrator for Civil Aviation 
Security, the Federal Aviation Administration (FAA) devised an Aviation 
Security Research and Development Program (ASRDP) plan to implement the 
mandated recommendations. 

Countermeaaures to terrorist attempts to destroy commercial jet 
transports entail two element6 of security: 

a) 

b) 
to increase the probability of survival. 

The first element deals with personnel screening techniques, airport 
security, explosive detection devices, etc.. The second element is 
involved with the development of materiala, deeigna, countermeaeures and 
procedurea to mitigate blaat effects from aircraft, and methoda €or 
hardening aircraft. 

Preventing an exploeive device or weapon from reaching an aircraft. 

Negating or minimizing the effecte of an explosive device or weapon 

1.3.1 WWPADS Threat 

Starting in the late 1960's, small infrared (IR) guided NANPADS emerged 
as a serious threat to military aircraft. Since that time the military 
haa made considerable progrees in reducing the vulnerability of their 
aircraft to hostile air  defense weapons of all types. The designers of 
MANPADS have responded by increasing the lethality of their armament 
systems to the extent that they are comparable in destructive 
capabilities to earlier vehicle mounted SANS. 

The current MANPADS are eaeier to conceal. Some models can be 
dieaeaernbled into a package equal to a large auitcaee. 

These systems are easy to uBe and require minimal training. They have 
no aignal emissions and their quick reaction capability minimizes a 
gunner's exposure and warning time. 

They are deployed world wide and are available on the anna market 
through legal, and illegal, means for about $ 1 O K  and up depending on the 
syetem acquired. 

While attacks worldwide against civil aircraft with MANPADS were not 
very common in the early 19808, incidents have been on the rise in the 
past eight years. Some examples include the following: 

country Wurbsr of Attacks 

Angola 
Sudan 
Afghanistan 
Rhodeeia 
Georgian Republic 
Bosnia 
Costa Rica 
Mozambique 
Mauritania 
Somalia 
Armenia 

6 
5 
4 
3 
4 
1 
1 
1 
1 
1 
1 

As noted most of theee attacka have occurred in countries caught in the 
middle of an insurgency or a c i v i l  atrife. Two of the most recent 
attacks involved two Tupolev Tu-154e in Georgia, the former Soviet 
republic. 
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1.4 T e s t  and Study Objectivrm 

The objectives of this test was the following: 

a) 
warhead on a transport type aircraft. 

b) 
warhead on a transport type aircraft. 

c) 

d) 

m 

To develop and document baee-line data on the effects of a MANPADS 

To gain an understanding of the explosive effects of a MANPADS 

To gain an understanding of MANPADS. 

To gain additional experience i n  teeting protocols and procedure8 - €or aubsequent t e s t s  with regard to studying blast effect. 
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2 . 0  DAMAGE FUNDAB5NTALS 

2.1 DarpQe Neebaaism 

A damage mechanism is  t h e  output of a pro jec t ed  weapon t h a t  causes  
damage t o  t h e  a i r c r a f t  or intended t a r g e t .  
d e s c r i p t i o n  of t h e  t a n g i b l e  inetrument or  measurable quan t i ty  designed 
t o  i n f l i c t  damage t o  a t a r g e t .  

Examplee of damage mechanisms include: 

It i e  t h e  phys ica l  

* Penet ra tora  
* Fragments 
* Incendiary Par t ic les  
* B l a s t  

2.1.1 Penetrators 

A pene t r a to r  can be t h e  core  of a p r o j e c t i l e ,  an expanding rod 
( a s soc ia t ed  with a continuous cod warhead), or a shaped charge j e t .  The 
damage processes  a s soc ia t ed  with t h e  pene t r a to r  are: 

* Bal l i s t i c  Impact /Penetrat ion 
* Hydraulic Ram 
* Combuetion 

2.1.1.1 Ballistic Impact/Penetration 

B a l l i s t i c  impact and pene t r a t ion  are t h e  primary causes of t h e  damage 
proceases  i n f l i c t e d  on a t a r g e t .  I n i t i a l  pene t r a t ion  upon impact 
u sua l ly  involvee p i e r c i n g  t h e  sk in  of t h e  t a r g e t .  

Pene t ra tore  with s o f t  cores  genera l ly  f l a t t e n  on impact and c r e a t e  
l a r g e r  ho les  than  t h e i r  i n i t i a l  diameter.  When t h e  pene t r a t ion  produces 
a c l ean  hole ,  t h e  s e c t i o n  sheared ou t  by t h e  pene t r a to r  is  c a l l e d  a 
plug. This  type  of pene t r a t ion  i s  c a l l e d  plugging o r  punching (F igure  
2-1). For harder  material, t h e  pene t r a to r  muet tear t h e  su r face  during 
en t ry ,  and a petal-type pro t rus ion  surrounded by r a d i a l  crack is formed. 
T h i s  type  of pene t r a t ion  i s  c a l l e d  p e t a l l i n g  (F igure  2-2) .  

The t e rmina l  e f f e c t 8  of impact and pene t r a t ion  depend upon t h e  material 
being penet ra ted .  I n  t h e  case of an a i r c r a f t  s t ruc ture  ( i .e. ,  spars, 
r i b s ,  sk in ,  and longerons) ,  pene t r a t ion  can l ead  t o  a loas of load 
ca r ry ing  a b i l i t y  r e s u l t i n g  i n  a lose of c o n t r o l  of aerodynamic su r faces  
( i .e . ,  a i l e r o n s ,  e l e v a t o r s ,  and rudder ) .  Mechanical components can 
crack,  jam, or sever .  Damage due t o  pene t r a t ed  engine components can 
l ead  t o  ca t a s t roph ic  engine f a i l u r e ,  f u e l  leakage, engines f i r e ,  and 
secondary Foreign O b j e c t  Damage (FOD) as a r e s u l t  of engine Components 
sever ing  a t  high speed. 

Another r e s u l t  of b a l l i s t i c  impact and pene t r a t ion  as a damage process 
is c a l l e d  s p a l l a t i o n  ( F i g u r e  2-3). I n  e p a l l a t i o n  a pene t r a to r  impacts 
armor or  a very hard s t r u c t u r a l  material r e s u l t i n g  i n  fragments s p a l l i n g  
o f f  t h e  rear su r face  of t h e  s t r u c t u r a l  material. High speed impact 
genera tes  an i n t e r n a l  compression s t r e e s  wave i n  t h e  pene t r a to r ,  or  
fragment, and i n  t h e  t a r g e t .  Interact ion wi th in  t h e  t a r g e t  material 
between t h e  i n i t i a l  eompreseion wave and any r e f l e c t e d  t e n s i l e  stress 
waves off of a f r e e  su r face  cause high t e n s i l e  stresses may r e e u l t  i n  
pieces of t h e  t a r g e t  ma te r i a l  being e j e c t e d  from t h e  rear su r face  of t h e  
t a r g e t  material (or i n s i d e  a t a r g e t ) .  

+ 
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Figure  2-3 SPALLIBSG MUM3E 

2.1.1.2 Hydraulic Ram 

Hydraulic ram is  t h e  damage proeese t h a t  occura when a p r o j e c t i l e  e n t e r 6  
a compartment containing f lu id .  
t h ree  phases; t h e  en t ry  phase, drag phase, and cavi ty  phaae (Figure 2- 

The process is i n i t i a t e d  when a p ro jec t i l e  penetrates t h e  w a l l  of the 
container or tank and impacts t h e  f lu id .  AB energy is t ransfer red  t o  
t h e  f l u i d ,  a strong hemiepherieal ehock wave centered a t  t h e  point  of 
impact is  formed. This createe an Fmpuleive load on t h e  inaide of t h e  
en t ry  w a l l  i n  t h e  v i c i n i t y  of t h e  p r o j e c t i l e ' e  point of entry. AB t h e  
penetrator  t r a v e l s  through t h e  f l u i d  i t 8  energy is  transformed i n t o  
k ine t i c  energy of f l u i d  motion as t h e  p r o j e c t i l e  is slowed by viscous 
drag. An outwardly propagating pressure wave is generated ae f l u i d  is 
dieplaced from the p r o j e c t i l e  path. I n  contrast to t h e  preeaure 
developed i n  the shock phase, the f l u i d  i n  t h e  drag phaae is accelerated 
gradually,  rather than impuleively, eo t h a t  peak pressure is  lower; 
however, t h e  duration of t h e  preaeure pulae i e  longer. A cavi ty  
develops behind t h e  p r o j e c t i l e  as it paseee through t h e  f lu id ,  which i S  
f i l l e d  with l i qu id  vapor evaporated from t h e  cavi ty  eurface and with a i r  
which has entered t h e  cavi ty  through the  en t ry  hole. Ae t h e  f l u i d  seeks 
to regain its normal condition t h e  cavi ty  w i l l  o s c i l l a t e  r e su l t i ng  i n  
t h e  cavi ty  phase. 

This ram loading can cauae t ea r ing  and pe ta l l i ng  with openings l a rge r  
than t h e  ac tua l  entry.  po in t .  
through t h e  l ine6  attached t o  t h e  container caueing f a i l u r e  along t h e  
attached l inee  or  f i t t i n g s .  

Thie damage proceee i e  divided i n t o  

4 )  

Hydraulic ram can a le0  be tranemitted 

FOR OFFICIAZ, USE ONLY 
2-3 



FOR OFTICIAL USE ONLY 

-m 

'U 
DRAG PHASE 

ENTRY PHASE 

CAvlTy PHASE 

Figure 2-4 HYDRAULIC RAM 

2.1.1 3 C o r b U 8 t i O n  

A high-velocity metal penetrator that come8 into contact with a metal 
target, or component, may produce incandeecent metal particlee or vapors 
that are a Bource of ignition for nearby combustible materials 

2.1.2 Fragments 

Fragments, unlike projectiles, are irregular metal particles varying in 
weight, shape, and velocity. They may be produced by the detonation of 
an explosive warhead or a8 a result of ballistic impact. 

Fragments can be categorized in two areas: 

* Blaet-Generated Fragments 
* Impact-Generated Fragments 

2.1.2.1 Blast-Generated Fragments 

Blast-generated fragments are a direct result of the detonation of 
munitions of which the fragments were a part or component of the 
munitions. They can vary in material, weight, size ,  shape, and velocity 
depending on the specific weapons system and i t B  purpoee. 

Depending on the fuzing system utilized in the deaign of the weapons 
system the detonation can occur externally or internally to the target 
(i.e., proximity, contact, time-delayed, e t c . ) .  In addition, the size, 
momentum, and blaat pattern of blaet-generated fragments can be 
controlled by the warhead design to most effectively damage a epecific 
target. 
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The damage processes and terminal effects asPodated with blast- 
generated fragments are the 6- 88, or e h i l a r  to, those aeaociated 
with a penetrator (section 2.1.1). However, the damage caused by 
fragments can be more aevere than that caused by penetratora when a 
multitude of closely spaced fragments strike the target. 

2.1.2.2 Impact-Generated Fragmmnts 

Impact-generated fragments may occur either am spallation (section 
2.1.1.1) of the target material or by breakup of the weapon itself on 
impact. 

In both cases, high velocity fragments are ejected inside and outside 
the target with the capability of generating the same damage processes 
as a penetrator. Impact-generated fragments also tend to dieperse 
randomly from the point of impact and cause damage over a greater area 
as oppose to a single round. 

2.1.3 Incendiary Particles 

The damage mechanism as a result of incendiary particles include those 
chemical agents designed to cause combustion and which are added as a 
filler agent to certain projectile and mieeile warheads. In emall arms 
projectiles, the incendiary material ie located in front of the paseive 
core and is initiated upon impact to the target. 
warhead, any incendiary material is ignited when the warhead is 
detonated and dispersed by the exploaion. 
be generated by the high apeed impact of a metal penetrator or fragment 
on the metal surfaces of a target. 

The effective and wide UBB of incendiary munitions stems from the 
vulnerability of the aircraft f u e l  system to fire. Ignition and 
subsequent fire can occur within the ullage or vapor apace of a fuel 
tank (figure 2-4). Fires can also occur in conjunction with a 
penetration damage process which involves fuel spilling from the fuel 
cell and collecting within adjacent voids or dry areas. It should be 
streseed however that fuel i s  not the only combuetible material within 
an aircraft. 

In a high-explosive 

Incendiary particles may also 

2.1.4 B l a s t  

Blaat is the rapid movement of a spherical pressure wave away from the 
center of a high pressure area (i-e., an explosion). The preseure in 
the blast above the ambient pressure is called overpressure with the 
peak overpressure occurring at the leading edge of the wave. A typical 
preesure wave ie depicted in figure 2-5 for arveral values of time (t) 
after detonation. The important parametere of the w a v e  are the peak 
overpreeeure and the duration of the poeitive overpressure phase of the 
blaat . 
The pressure loading on a target caueed by blast from an explosion ie 
called blast loading. It is the damage process associated with blast, 
and the combined effect of the dynamic premaure loading (drag) and the 
overpressure loading. 

Dynamic loading ie produced by the velocity of the air in the blaet with 
respect to the aircraft. It ie a drag loading on the target itself. 
This damage process causes the secondary damage of structural 
deformation, bending and tearing of cantilevered structures, and dynamic 
removal of any loosely secured attachmente. 

Overpressure loading reaulta from the effects of the overpressure in the 
blaet striking and moving over the eurfacea of the target. Note in 
figure 2-6, PRESSURE OBSERVED AT DISTANCE (D), that the initial 
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overpressure ie followed by a period of underpreeeure. 
compreeeion/decornpreseion effect can remult in additional atruetural 
damage even though the  specific component was not located directly 
facing the b l a s t .  
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Figure 2-5 PRESSURE OBSERVED IW D 1 S - a  
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F i g u r e  2-6 BtAST WAVE PROPMATIOBI 
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3 . 0  -ADS 

3.1 WWPADS Fundamentals 

The MANPADS, shoulder fired, surface-to-air-missile is an a i r  defense 
system typically used by forward deployed military units as a means of 
protection from low altitude aircraft. Versions of these systems have 
been developed and deployed worldwide fo r  over 25 years. 

I n  general, the majority of MANPADS use the heat generated by the target 
aircraft to guide itself to the target. In older systems the missile 
tracked solely on the heat generated by the target's engine. 

Advanced seekers are new capable of detecting several heat sources, sych 
as exhaust plumes or skin emissions. 

MANPADS seeker heads can be broken in three categories: 

* Spin-Scan Seekers 
* Conical-scan Seekers 
* Imaging seeker 

3.1.1 Spin-Scan Seekers 

V 

A first-generation seeker unit, the spin-scan seeker is typically 
refereed as a rear aspect, hot-spot tracker. Target energy is gathered 
by the optical system of the seeker and focused on a rotating reticle. 
The reticle then chops this target signal into a band of pulses, or 
spokes. Chopping the signal allows the seeker to determine phase 
information (target direction) and the amplitude of the tracking error. 

Most spin-scan seekers use amplitude modulation (AM) tracking. The 
detector output is fed into a band-pass filter which strips the DC 
signal f r o m  the source resulting in an interrupted sine wave (or missile 
audio). The signal is then passed through a demodulator (or envelope 
detector), which produces a square wave output. The square wave output 
is fed into another band-pass filter which strips the spin frequency of 
the reticle from the signal. 

The resultant signal is a sine wave. The amplitude of the sine wave 
corresponds to the magnitude of the tracking error and the phase of the 
signal corresponds to the direction of the tracking error. These 
signals are then fed into the seeker head, which tracks the target, and 
into the missile guidance control unit, which steers the missile. 

3.1.2 Conical-Scan Seekers 

In a conical-scan seeker the reticle is fixed and does not spin. 
Instead a mirror within the seeker head is spun causing the target image 
to be scanned in a circular path around the outer edge of the reticle. 

When the target is centered in the seeker scan, the detector produces a 
pulsed signal similar to the spin-scan seeker. However; as the target 
leaves the center of the reticle, the output of the detector is a 
frequency modulated (FM) sine wave. The depth of this frequency 
modulation is directly proportional to the amount the target is 
displaced from the center of the seeker scan. The signal is processed 
by passing through an FM discriminator whose output is an AM modulated 
signal with amplitude proportional to the amount of frequency modulation 
present. 

The output signal is then passed through a demodulator, as in the spin- 
scan seeker, to produce the target tracking signal information. 
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3.1.3 Imaging seeker 

The newest generation MANPADS guidance system ie the imaging seeker- 
These seekers do not use a reticle. Instead, the system incorporates an 
array of detector elements that detect environmental energy and produces 
a spatial map of the scene. This energy map is converted into a 
television-type display which allows the missile to t r ack  on the actual 
image o f  the target as oppose to its radiated signal. 

3.2 IR Sources 

IR missiles use energy emitted by the target in the IR spectrum. All 
object epit some form of IR signal (the hotter an objecs is the more 
energy it will emit). As temperature rises, the wavelength of the peak 
energy emission is shorter. A flare or an aircraft in afterburner may 
have a peak energy emission of 1.5 microns (pm), while an aircraft 
cruising may emit 3 to 5 pm. 

The IR signature of a transport aircraft can come from a variety of 
sources (Figure 3-1). 
the hot exhaust gas plume generated from an engine, the engines 
themselves-; the metal parts heated by exhaust, and the skin heated from 
high speed air are all sources of IR energy that can be exploited with a 
MANPADS. This magnitude of IR signature is expressed as thermal power 
per unit solid angle or watts/steradian/micron (W/sr). A typical IR 
signature, i n  relation to the aircraft aspect can be depicted i n  figure 
3-2. These individual aspect measurements can be compiled into a polar 
plot (figure 3 - 3 ) .  

Seekers, or detectors, on an IR missile can operate in several IR 
spectral regions depending on the detector material used. 
missiles used uncooled lead sulfide (PbS) detectors which could detect a 
target energy in the 1 to 2 . 5  pm range, whereas newer systems using 
cooled indium antimonide (InSb) can operate in the 3 to 5 pm band 
(figure 3-4). As stated earlier, older MANPADS relied mostly on 
attacking an aircraft from a tail aspect and tracking on hot engine 
parts; however, newer systems allow MANPADS to attack an aircraft from 
almost a l l  aspects. 

3.3 MANPADS Operation 

On sighting a target, the gunner tracks it using optical sights. A t  the 
same time he energizes the missile guidance system. A buzzer within the 
system will inform the gunner when the target has been locked onto by 
the missile seeker. Upon firing, an ejector charge will. propel the 
missile out of the launch tube. When the missile has cleared the gunner 
by a sufficient distance, the main rocket ignites and propels the 
missile to its intended target. 

Appendix A discusses various MANPADS and their operations. 

Sunlight glinting off the skin of an aircraft, 

Earlier 
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Figure 3-1 AIRCRAFT HEAT SOURCES 
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4 . 2  Test A i r c r a f t  

 he aircraft utilized for t h i s  t e s t  was a ~ o e i n g  720-B t a i l  number 
N330DS (figure 4-2) .  Although this a i r c r a f t  was basically a h u l k ,  the 
airframe in the areas t e s t e d  was considered structuralli- sound f o r  this 
purpose and provided a close representation of the current commercial 
fleet. FOK the purpose wf t h i s  t e s t  a complete aircraft was not 
required because these t e s t s  were concerned o n l y  w i t h  a representat ive 
structure and not a particular t y p e  o f  a i r c r a f t .  

Due t o  a prior test, N330DS had the fc1lo;qlng significant damage and 
modifications (figure 4-3) :  

a) The aircrnft w a s  missing the entire s k i n  s u r f a c e  and a s s r c i a t e d  
structures from s t a t i o n  420 t o  6 0 0 - J J  and from t h e  t o p  af t he  floor beam 
( W L  208.1) up. 

b) h hole was blown just below the aft entrance door, 

c) All the engines were removed. 

d) The vertical s t a b i l i z e r  w a s  removed. 

e )  The forward and a f t  galleys were damaged. 

A w i n g  pylon was erected on b o t h  wings  f o r  support, The port wing's 
pylon was erected at approximately wing s t a t i o n  64-3 and ran p a r a l l e l  to 
where t h e  outboard strut was situated, From t h e  wing's leading to 
trailing edge. 

TQ investigate the e f f e c t  of a missile d e t o n a t i o n  to f u e l  tanlrs,  the 
p o r t  f u e l  cells were filled with water. 

The i n t e r i o r  of t h e  a i r c r a f t  (where t h e  i n t e r n a l  test was conducted) was 
relatively i n t a c t  ( f i g u r e  4 - 4 ) .  Silhouettes were set up on a l l  sea ts .  

4 . 3  Test ~~~ 

The MANPADS utilized for this t e s t  is a s y s t e n  t h a t  is deployed and has 
been used against a i r c r a f t ,  w i t h  r e s u l t s ,  in ZLA o p e r a t i o n a l  env i ronmen t .  



. 

FOR OFFICIAL USE ONLY 
a 
IJ 
f 

I I 

F i g u r e  4-2 STATION DIAGRAM FOR BOEINQ 720-B 
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4.4 Photographic Support 

Photographic  s e r v i c e s  w e r e  provided by t h e  FAA Technica l  Center .  A 
combination o f  photographic  s t i l l s  and high speed motion, and real-time 
video motion w e r e  u t i l i z e d  t o  document both  test .  

Equipment used on t h i s  t es t  inc luded:  

a. 

b. 

C. 

d: 

e. 

f. 

LOCAM High Speed Motion P i c t u r e  C-r.  a erz 
Model: Redlake 12-283 
Speed: 500 frames/second 
Lens: lOm 
F i l m :  Kodak 1 6 m  7296 colcl: neca=ii-e TI,, 

M i t c h e l l  H i g h  Speed Motion Pictcre C=-.~FTZ 
Manufacturer:  M i t c h e l l  Camera C c r F = r z t i z -  
Speed: 1 2 8  frames/second 
Lens: Bausch & Lomb 75mm/3inch z o ~ m  
F i l m :  Kodak 35mm motion p i c t u r e  camera f i l m  

PHOTEC High Speed Motion P i c t u r e  Camera 
Speed: 4000 frarnes/second 
Lens: 210mm 
F i l m :  Kodak 1 6 m  motion p i c t u r e  c m e r a  fFlm 

Video Cassette Recorder 
Model: Sony EW-9000 
F i l m :  8mm v ideo  

. .  - .  - 

Photographic  S t i l l  camera 
Model: Nikon FM-2 wi th  autowinder 
Speed: 4.5 frames/second 
Lens: 80-200m zoom 
F i l m :  K o d a k  35mm Vera C o l o r  ASA 400 

Photographic S t i l l  Camera 
Model: Nikon MB-21 w i th  autowinder 
Speed: 5.7 frames/second 
Lens:  80-200m zoom 
Film: Kodak 35mm V e r a  Color ASA 400 

4.4.1 Test 1 Photographic Setup 

T h e  i n t e r n a l  photographic  l ayou t  {fL;;re 4-5; f z r  :ex Z p laced  one 
LOCAM high  speed mot ion  p i c t u r e  caT,ers f c r + i ~ z f  sf 5 e  m i s s i l e  loca t ic r :  
( s t a t i o n  820 ,  starboard s i d e )  and GXE a': :s=aIL.on 1320, p o r t  side). 
B o t h  these cameras w e r e  set enclosee xizki: z sz~d-baq barrier (figzre 
4-6a and b ) .  Mir rors  w e r e  used t o  ref lec- ,  zks t e z c i q  imagery. T c  
provide  a second l i n e  of protect icT-  ks=k  CL-ETZS :-:ere enc losed  LX ET 

environmental  chamber. High htezs i=y  f1=3?- - -3~ ,~2  -&ere xsed t3 2rsvLCe 
a d d i t i o n a l  t e s t  area 1ight l r .g .  

The e x t e r n a l  pkc tcgraphic  layout €or  T e s t  1 Ls EEsrr:ae6. in figure 4-7. 

4.4.2 Test 2 Photographic Setup 

The p h o t o g r a p l c  layczr for =esi  2 Is d e s z r i c e c  ir: f i y A r e  4-8. 

* +  

. . 

.. - . 
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Figure 4-5 TEST 1 PHOTOGRAPHIC LAYOUT (INTERIOR) 
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F i g u r e  4-6a FORWARD LOCAM 

Figure 4-6b AFT LOCAM 
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Figure 4-7 TEST 1 PHOTOGRAPHIC LAYOUT (EXTERIOR) 
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Figure 4-7 TEST 1 PHOTOGRAPHIC LAYOUT (EXTERIOR) 
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F i g u r e  4-8 TEST 2 PHOTOGRAPHIC LAYOUT 
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5 . 0  TEST 1 INTERNAL SHOT 

5.1 Test 1 Description 

The s i t u a t i o n  t h a t  is depic ted  i n  T e s t  1 i s  t h a t  of a gunner f i r i n g  a t  a 
t r a n s p o r t  type  a i r c r a f t  where t h e  m i s s i l e  t r a c k s  on t h e  a i r c r a f t ' s  inner  
por t  engine,  and in s t ead  of impacting t h e  engine t h e  m i s s i l e  c rosses  
through t h e  exhaust plume and impacts t h e  f o u r t h  body s e c t i o n  of t h e  
a i r c r a f t ,  po r t  side ( f i g u r e  5-1, s t r u c t u r a l  assembly s e c t i o n  4 6 ) .  

T h e  missile was p lace  a t  s t a t i o n  1020, a i s l e  17 ( f i g u r e  5-2), and 26.5 
inches above t h e  cabin f l o o r  beams, approximately level with  t h e  
passenger s e a t i n g  ( f i g u r e  5-3). 

To detonate  t h e  m i s s i l e  a ho le  w a s  d r i l l e d  i n t o  t h e  warhead s e c t i o n  
where a de tona tor  was a t tached .  The f i r i n g  l i n e s  w e r e  connected t o  a 
system event sequencer f r o m  which all t h e  photographic equipment w a s  
a t tached .  When t h e  sequencer i s  ac t iva t ed ,  de tona t ion  would occur a f t e r  
t h e  photographic equipment was ac t iva t ed  and running. 
f i r i n g  l i n e s  from p o t e n t i a l  fragmentation damage they  w e r e  covered with 
runway matt ing from t h e  sequencer, which w a s  l oca t ed  under a i r c r a f t  
N779TW, t o  t h e  test a i r c r a f t  ( f i g u r e  4-7) .  

To  p r o t e c t  t h e  

STRUCTURE ASSEMBLY 

SECTION 
11-STU8 
12-INBOAAD WINO 
ia-OUTBOARO WINO 
14-INBOARD WINO-LEADING EDGE 
16-OUTBOARO WINO-LEADING EDGE 
l ~ - l N B O A R D  WING-TRAILINO E W E  
11--OUTBOARD WINO-TRAILINO EDOE 

I IHOHSTRUCTURAL SECTIONS 

Figure 5-1 SECTION BREAKDOWN FOR BOEING 720-B 
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TEST 1 INTERNAL SHOT 
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5 . 2  Teat 1 Sequence 

Teat 1 was conducted on August 25 (attempts 1&2) and 26 (attempt 3), 
1993. 

5.2.1 Test 1 A t t e m p t  1 

The prevailing atmospheric condition8 during this test included the 
following: 

a) Wind: Minimal (0-5 knota) 
b) Clouds: Overcaet 
C J  Temperature: 80-85OF 

The charge was set and the area was cleared twice by the range safety 
officer. All personnel were cleared away from the aircraft and the road 
closed of€ to all traffic. 

The time sequence for Test 1, attempt 1, was the following (all times 
are in mountain etandard time): 

12:28 PM: Missile and detonator hooked up. 

12:30 PM: System event sequencer hooked up. 

12:33 PM: System event sequencer activated with no detonation. 

12:34 PM: System event aequencer activated for second time with no 
detonation. 

12:35 PM: System event sequencer disconnected. 

12:37 PM: Range eafety officer disconnects detonator from warhead 
rendering missile safe. 

12:40 PM: Weapon is cleared from t e s t  site. 

After trouble shooting the firing linea and sequencer it w a s  determined 
that a faulty relay within the system event sequencer was the cause f o r  
the weapon misfire. A new relay was subsequently installed and the 
circuit tested. 

In addition to the faulty relay, the Mitchell high speed motion picture 
camera wae damaged. A poaeible reason for this failure may have been 
due to the gas powered generator producing electrical surges resulting 
in a subsequent surge on the Mitchell's high speed motor and shutter. 

5 . 2 . 2  Test 1 Attempt 2 

The prevailing atmospheric conditions during this test included the 
following: 

a) Wind: SW (15-20 knots) 
b) Clouds: Overcaet 
c) Temperature: 75-80°F 

The charge waa set and the area was cleared twice by the range safety 
officer. All personnel were cleared away from the aircraft and the road 
closed off to all traffic. 

The time sequence for Teat 1, attempt 2, was the following (all times 
are in mountain standard time): 

1:58 PM: Missile and detonator hooked up. 
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a 

2:Ol PM: System event  eequencer hooked up. 

2 : 0 5  PM: System event  sequencer a c t i v a t e d  with no de tona t ion .  

2:06 PM: System event  sequencer a c t i v a t e d  €or second t ime with no 
detonat ion.  

2 : 0 8  PM: System event  sequencer dimzonnected. 

2:13 PM: Range s a f e t y  o f f i c e r  dieconnects  de tona tor  from warhead 
render ing  m i s s i l e  safe. 

2:17 PM: weapon ie c lea red  from test B i t e .  

A f t e r  diagnosing t h e  f i r i n g  linee and genera tor  it w a s  determined t h a t  
becauae t h e  genera tor  wae not  producing a cons tan t  ou tput  t h e  f i r i n g  
c i r c u i t  did not  f i r e .  To c o r r e c t  t h i e  problem the genera tor  was 
replaced.  

5.2.3 T e s t  1 Attempt 3 

The p reva i l i ng  atmospheric condi t ions  during t h i e  t ee t  included the 
following: 

a) Wind: SW (5-10 knote)  
b) Clouds: Overcast 
c) Temperature: 80-85*F 

The charge w a s  set and t h e  area waa 
o f f i c e r .  All personnel w e r e  clearel 
c losed  off t o  a l l  t r a f f i c .  

c leared  t w i c e  by t h e  range safety 
away from t h e  a r c r a f t  and the road 

The t i m e  sequence for T e s t  1, attempt 3, w a s  t h e  fol lowing (all t i m e s  
are in mountain s tandard  time): 

10:28 AM: Missile and detonator  hooked up. 

10:33 AM: Syetem event  sequencer hooked up. 

10:37 An: Syetem event  eequencer ac t iva t ed  wi th  de tona t ion .  

10:38 AM: Dark smoke observed from t e e t  a i r c r a f t .  

10:40 AM: Obvious f i r e  observed from a i r c r a f t .  DMAFB f i r e  rescue  
c a l l e d  in .  T e s t  personnel  a t tempt  t o  put  ou t  f i r e  in early stage. 

10:42 AM: Flames have engulfed t h e  a f t  t h i r d  body s e c t i o n  and fou r th  
body s e c t i o n  of t h e  a i r c r a f t  ( f i g u r e  5-1). For s a f e t y  reasons t e e t  
personnel  g ive  up at tempt  t o  con t ro l  fire. 

10:50 AM: Top s i d e  of fuse lage  is completely burned through with flames 
s t i l l  burning towards t h e  t a i l .  

10:52 AM: DMAFB f i r e  rescue  a r r ivea .  

10:59 AM: Addit ional  w a t e r  called i n  t o  f i g h t  f i r e .  

12:15 AM: F i r e  is  secured and remnante of tes t  a i r c r a f t  are s a f e  t o  
approach. 
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5.3 Temt 1 Damage 

It was apparent that the significant damage mechanisms were a 
combination of fragmentation and fire. 

5.3.1 Ueneral Fragmentation Damage 

After obeerving high speed photography it wa6 apparent that upon 
detonation multiple fragments were seen piercing and departing the 
aircraft. There was little observable underside fragmentation damage. 

Due to the subsequent fire damage (which resulted in the majority of the 
aircraft's fuselage skin being burned away, several burn-throuyhs, and 
deformation) it was impossible to ascertain the actual fragmentation 
damage. 

The cable junctions under the floor boards were damaged severely. 

A significant loss of life would result from the fragmentation alone. 

5.3.2 General Fire Damage 

The vast majority o f  damage inflicted on the test aircraft wae a result 
of fire. 

The most likely cauae of fire is a combination of the initial detonation 
fire-ball and high velocity metal fragmentation impacting the metal 
surfaces of the aircraft atructure and igniting the interior. 

The fire initially started in the location where the miseile was 
stationed. Almost immediately the surrounding area within the cabin 
ignited spreading the flames forward of the aft third body section and 
aft to the fourth body aection of the aircraft. As indicated in the 
chronology in section 5.2.3 it took less than three minutes for a 
significant fire to develop and less than f ive  minute8 before the 
aircraft was engulfed in flames. 

Figures 5-4a, 5-4b, 5-4c, and 5-4d portraye the aeverity of the flame 
that occurred after detonation. Figure 5-5a and 5-5b portrays the 
exterior of the aircraft after it was extinguished. The aircraft before 
detonation is portrayed in figure 4-3. 

Upon inspection, the interior from station 600-J aft was completely 
gutted (figure 5-6a and 5-6b). The interior before detonation is 
portrayed in figure 4-4. 

5 . 4  Damage Summary 

For the purpose of this test it must be understood that though fire 
played a key role in the damage process; in a real situation, 
fragmentation would be the key damage process €or a missile fired in 
these parametere. 

In reality a fire of this nature would not likely be experienced if the 
aircraft wae airborne. As discussed in eection 4.2 the aircraft waa 
missing the entire akin surface and associated structures from station 
420 to 600-5, and from the top of the floor beam (WL 208.1) up. In 
addition, the prevailing wind conditions maintained a constant 5 to 10 
knot headwind allowing a steady stream of air to be funneled into an 
already hot fire source, thus feeding it and allowing it to spread. 

FUTURE: TEST RECOMMENDATION: While on the test site ensure that there is 
at  least a portable water-based fire fighting uait at the test site. 
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FUTURE TEST RECOMMENDATION: An emergency fir8 and d i c r l  t r u  should be 
on the t e o t  site during weapons detonation and an admquate firot a id  kit 
on the site at all times. 

An a i r c r a f t  i n t e r i o r  provide6 ample f u e l  f o r  any f i r e .  

The m o s t  e i g n i f i c a n t  f i r e  t h r e a t  would come from a fragment pene t r a t ing  
the f u e l  o r  hydraul ic  system and i g n i t i n g  it. 

Though t h e  a i r c r a f t  waa p r a c t i c a l l y  rendered useless i n  providing 
f o r e n s i c  data r e l a t i n g  t o  fragmentation damage, t h e  fol lowing can be 
deduced: 

a) High-speed photography documented mul t ip l e  ( i f  not hundreds) of 
fragments e x i t i n g  t h e  a i r c r a f t .  

b) Major s t r u c t u r a l  damage occurred. This included skin, stringer, and 
frame damage as a r e s u l t  of b l a s t  and fragmentation. 

c )  Though t h e  m i s s i l e  w a e  e ta t ioned i n s i d e  t h e  a i r c r a f t ,  i n  r e a l i t y  a 
missile impacting an a i r c r a f t  would cause maseive damage i n  itself. 

d )  Mul t ip le  cab le s ,  which run under t h e  f l o o r  beam would be damaged 
r e s u l t i n g  i n  a loss or  degradat ion of con t ro l  a c t u a t o r s  and f l i g h t  
control sur faces .  I n  t h i s  case  t h e  e l eva to r  and rudder c o n t r o l ,  and 
t r i m  ( v e r t i c a l  and la teral)  would be damaged or  degraded. I n  add i t ion ,  
depending on how f a r  forward t h e  fragmentation p a t t e r n  extended the 
a i l e r o n s  ( inboard  and outboard) ,  spoilers ( inboard and outboard) ,  f l a p s  
( inboard  and outboard) ,  l ead ing  edge f l a p s ,  and trim ( l o n g i t u d i n a l )  
c o n t r o l  could be damaged or degraded. 

e )  Systems damage would occur i n  t h e  u t i l i t y  hydraul ics  system 
controlling t h e  main landing gear  and brakes. 
how f a r  forward the fragmentation p a t t e r n  extended t h e  primary and 
a u x i l i a r y  hydraul ic  systems c o n t r o l l i n g  a l l  f l i g h t  controls systems 
could be damaged or  degraded. 

f )  The c e n t e r  f u e l  t ank  w a s  damaged. This cell i s  t h e  l a r g e a t  out of 
seven i n  t h e  system and holds approximately 68 thousand pounds of fuel. 

I n  add i t ion ,  depending on 
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6 . 0  TEST 2 EXTERNAL SHOT 

6.1 Test 2 Description 

The e i tuat ion  depicted i n  T e a t  2 is  that  of a gunner f i r i n g  at a 
traneport type a i rcra f t  where t h e  mieaile track8 on the aircraft's inner 
port engine and detonates when it impacts the  engine compartment (figure 
5-1,  inboard s trut  and power pack). 

The missile was placed 50 inchee below the  port inboard strut loca t ion  
and 45 inches above the  ground ( f i g u r e  6 - 1 ) .  

TEST 2 EXTERNAL SHOT 
NOT TO SCAlLE 

1 

Port InboarL Strut Location (Removed) 

A 
i 45" 
I c 

Ground 

F i g u r e  6-1 TEST 2 MISSILE PIA- 
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TO i n v e s t i g a t e  t h e  e f f e c t  of a m i s e i l e  de tona t ion  t o  fuel celle, t h e  
p o r t  f u e l  c e l l s  w e r e  f i l l e d  wi th  w a t e r .  

TO de tona te  t h e  m i s e i l e  a ho le  w a s  dr i l led i n t o  t h e  warhead s e c t i o n  
where a de tona tor  could be a t tached .  The f i r i n g  l i n e s  w e r e  connected t o  
a system event  sequencer from which a l l  t h e  photographic equipment was 
a t tached .  When t h e  sequencer is a c t i v a t e d  de tona t ion  would occur  a f t e r  
t h e  photographic equipment w a s  a c t i v a t e d  and running. To p r o t e c t  t h e  
f i r i n g  lines from p o t e n t i a l  f ragmentat ion damage they  w e r e  covered wi th  
runway m a t t i n g  from t h e  sequencer, which w a s  l oca t ed  under a i r c r a f t  
N779TW, to t h e  t e e t  a i r c r a f t  (figure 4-8) .  

6 . 2  Test 2 Sequence 

Test 2 w a s  conducted on August 26, 1993. 

6.2.1 Toot 2 

The p r e v a i l i n g  atmospheric condi t ions  dur ing  t h i s  test inc-uded t h e  
following: 

a )  Wind: SW (5-10 knots )  
b) Clouds: Overcast  
c) Temperature: 75-80'F 

The charge w a s  set and t h e  area waa cleared t w i c e  by t h e  range e a f e t y  
o f f i c e r .  All pereonnel w e r e  cleared away from t h e  a i r c r a f t  and the road 
c losed  of f  t o  a l l  t r a f f i c .  

The time sequence f o r  T e s t  2 waa t h e  following ( a l l  t imee are i n  
mountain s tandard  t i m e ) :  

2:18 PM: Missile and de tona to r  hooked up. 

2:23 PM: System event  sequencer hooked up. 

2:26 PM: System event  sequencer a c t i v a t e d  with detonat ion.  

6.3 Test 2 Damage 

The s i g n i f i c a n t  damage mechanisme experienced i n  t h i s  test  w e r e  
f ragmentat ion and blas t .  

6.3.1 General Blast DaPrage 

A panel used t o  access  t h e  p o r t  main landing gear ,  loca ted  on t h e  port 
upper-wing (approximately wing s t a t i o n  274, t r a i l i n g  edge) ,  w a s  jarred 
loose. See f i g u r e  6-2. 

The p o r t  inboard dry bay acceea panel  w a s  blown completely off  
(approximate wing s t a t i o n  387, adjacent  to l ead ing  edge f l a p  number 3 ) .  
See f i g u r e  6-2. 

The p o r t  inboard f u e l i n g  d ry  bay access panel w a s  blown open bu t  no t  
completely off (approximately wing e t a t i o n  529, ad jacent  t o  leading  edge 
f l a p  number 2 ) .  See f i g u r e  6-2. 

6 . 3 . 2  General Fragmentation Damage 

After observing high epeed photography it was apparent t h a t  upon 
de tona t ion  mul t ip l e  fragments p ie rced  t h e  a i r c r a f t ' s  under-side port  
wing. N o  fragments w e r e  8een p i e r c i n g  t h e  upper-Bide of t h e  port  wing. 
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Figure  6-2 WINO CENTERLINE DIAORAU FOR BOBIWQ 720-8 
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The majority of f ragmentat ion p i e r c i n g  w a s  observed to be as little as  
small dents  t o  l a r g e  holes as big as five cent imeters  ( t h e  average was 
.25 t o  - 7 5  cen t ime te r s ) .  
cen t imeters .  

Due t o  t h e  l o c a t i o n  of t h e  wing support  pylon (refer s e c t i o n  4 . 2 ) ,  
f ragmentat ion damage p a s t  t h e  p o r t  inboard s t r u t  location was minimal. 
However, t h e  wing support  pylon was peppered w i t h  f ragmentat ion damage. 

6.3.2.1 Specif ic  Fragmentation Damage 

Fragmentation damage was broken into two s p e c i f i c  types:  

Three holes  were as large a5 e ight  

* Maximum Fragmentation Damage 
* Minimum Fragmentation Damage 

6.3.2.1.1 Maximum Fragmentation Damage 

The vast concent ra t ion  of damage w a s  immediately c e n t r a l i z e d  to w h e r e  
t h e  m i s s i l e  was placed ( f i g u r e  6-3). 
root t o  t h e  wing support  pylon (approximately w i n g  station 643). 

T h i s  area ranged from the w i n g  

TEST'2 EXTERNAL SHOT 
NOT TO SCALE 

I 

Figure 6-3 FRAGMENTATION DAMAGE 
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Fragmentation ranged from small particles caus ing  airframe scratches to 
fragments producing holes w i t h  a diameter of eight c e n t i m e t e r s .  

All forms of ballistic penetration occurred r a n g i n g  from plugging and 
punching, b e i n g  the m a j o r i t y ,  (figure 6-4) to petalling (figure 5-5a, G- 
5b, and 6-5c), 

The average size of significant f ragmezta t ion  damage ranged frcm -25 to 
-75 centimeters, 

6 . 3 . 2 . 1 . 2  M i n i m u m  Pragmentatian Damage 

The areas in which minimum observable  damage occured was past  the wing 
support pylon (winy station 643 o u t h o a r d )  and the wing soot irtboard to 
the f u s e l a g e .  

The majority of t h e  damage IV*%S airframe sc ra t ches ;  Howeverr there were 
s o m e  holes that p e n e t r a t e d  through t h e  airframe - 

Figure 6-4  PLUGGING OR. PPUNCHINC DAMAGE 





6 , A  

Immediately after d e t o n a t i o n  of t h e  m i ~ ~ i l e  it WELLR apparent that the 
port  inboard engine  would be f a t a l l y  damaged and the part outbaard  
engine would likely be damaged to a lesser degree. In e i t h e r  case 
m i s s i l e  fragments e n t e r i n g  bo th  engine compartments, p a r t i c u l a r l y  t h e  
port inboard e n g i n e ,  w h e r e  t h e  r n i s a i l e  detonated, would FQD out t h e  
engines and l i k e l y  cause secondary FOD damage to ather a i r c r a f t  
C Q ~ ~ O I E I I ~ S  and ~ y a t e m s  (refer to s e c t i o n  2.1.1,1). 

A l l  engine driven components Of the p o r t  i nbaa rd  and pwssibly outboard 
engine would be damaged ( i m e . r  generators, f u e l  pumps, hydraulic f l u i d  
pumps, etc.). 

The mast s e r i o u s  damage would be inflicted on 'the aircraft's f u e l  t ank  
s y s t e m  (figure 5-6 ) .  A f t e r  the b l a s t  t h e  center tank ( 6 8  thousand 
pounds af fuel), main tank number t w o  ( 2 7  thousand pounds ) ,  and main 
tank number one (16 thousand pounds) were r i d d l e d  w i t h  f r agmen ta t ion  
damage (figure 6-7a  and 6-71s) allowing water (sjllnulated fuel) t o  s p i l l  
o u t .  .b aircraft hit in t h o s e  areas w w u l d  likely i g n i t e  i n t o  an 
u n c o n t r o l l a b l e  fire despi te  any quick response by the flight crew. 

As a r e s u l t  of f r a g m e n t a t i o n  t h e  following aircraft c o n t r o l  surfaces and 
related a c t u a t o r s  would l i k e l y  bf damaged (figure 6 - 8 ) :  

a) P o r t  
b) P o r t  
z) Port 
d) P o r t  
" )  P o r t  

Leading Edge Flaps (physical f r agmen ta t ion  damage) 
F i l l e t  F l ap  (phys ica l  f ragmenta t ion  damage) 
Inboard Spoiler 
Inboard F lap  (phyeical f ragmenta t ion  clamage) 
Inboard A i l e r o n  (physical f ragmentat ion damage)  
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f) 
g )  Port outboard Spoiler 
h) 

Port Inboard Aileron Control T a b  

Port Outboard F l a p  (physical fragmentation damage) 

The port main landing gear would be damaged. 

VENT wnoc TANK 

RESLRVL TANK 

MAIN TANK NO. I 

MAIN TANK NO. 2 

MAIN TANK no. i 
REICRVI TANK 

Figure 6-6 FUEL TANK ARRANGEMEU?C FOR BOEINO 720-B 
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INBOARD AILERON OUTBOARD SPOILER 

INBOARD SPOILER 

BALANCE TAB 

VORTEX GENERATORS 

STABILIZER ACTUATED ' 
ELEVATOR TAB 

OUTBOARO FLAP 

CONTROL TAB 

F i g u r e  6-8 CONTROL SURFACES FOR BOLSIWO 720-8 
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7 . 0  CONCLUSION 

7.1 Test Discoveries 

An aircraft being hit in the same areas as Test 1 would likely crash 
immediately as a result of control cable damage and failure (section 5.3 
and 5 . 4 ) .  

An aircraft being hit in the same areas as Test 2 would likely crash as 
a result of uncontrollable fire (section 6.3 and 6 . 4 ) .  A very quick 
response from the flight crew might allow a controlled landing. 

7 . 2  Threat 

.' Various forms of MANPADS are proliferated worldwide (including terrorist 
factions). 

7.3 Vulnerability 

These portable missile systems, though most effective with low altitude 
aircraft, can be effective at a range of 7000 meters (22,967 feet) and 
an altitude of 6900 meters (22,639 feet) depending on the system 
utilized. 

Though the system would be most effective against a landing or taking 
off commercial transport, some missile system effective envelopes will 
allow an adequate firing solution outside the airport confines and 
security jurisdictions. 

Published Standard Terminal Arrivals (STARS), Standard Instrument 
Departures ( S I D s ) ,  and Standard Instrument Approach Procedures (SIAPs) 
and related navigation publications will allow any gunner to easily 
prepare and plan a launch position (figure 7-1, 7-2, 7-3, 7-4, and 7-5). 
All U.S. Terminal Procedures are written in feet. 
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N 

LEESBURG MUNt A GODFREY FIELD 
T 
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W79O42.41 

FL 180 
095' TURBOlET VERTICAL NAVIGATION 

PUNNING INFORMATlON 
EM sd clsoroncs to cross at 11,000' 

' ot 550 Kts. 

N30'24.77' 
W79'17.05' 

TURBOlET VERlICAl NAVIGATION 
PLANNING INFORMATION 

Expect clearance to cross at F1240. 
1-22. H.44 

NOTE: Chort not to scale. 

BECKLEY TRANSITION (BKW.DOCCS4): From over BKW VORTAC via BKW R-072 and AM1 R-259 to DOCCS tNT. 
Thence. . , . 
CHARLESTON TRANSITION (HVQ.DOCCS4): From over HVQ VORTAC via HVQ R-095, BKW R-072 and AM1 R-259 
10 DOCCS INT. Thence , .  . . 
. . . . From over DOCCS INT via AM1 R-259 to AM1 VORTAC. Expect radar vectors to final approach course ofter 
AML VORTAC. 
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WASHINGTON DULLES INTL (IAD) EPORT DIAGRAM A1'5100 (FAA) WASHINGTON, D C 

RUNWAY CROSSING CLEARANCES. 
READBACK OF ALL RUNWAY 
HOLDING INSTRUCTIONS IS REQUIRED. 

I 

I I 

WASHINGTON, 0 C 
WASHINGTON DULLES INTL (IAT)) 

AIRPORT DIAGRAM 

315 

F i g u r e  7-3 PUBLISmD AIRPORT DIAGRAM 
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Arndt7 43035 
WASHINGTON DULLES INTL (IAI 

WASHINGTON. c VORIDME or TACAN RWY 12 AL-5100fFAA) 

ATIS 134.85 i Ir - 
DULLES APP CON 

HlRL Rwys 1R-191. 

I 

VORIDME or TACAN RWY 12 WASHINGTOH. Dt - . .  - - -  
38057” - ~ o n . ~  WASHINGTON DULLES INTL (IXD) 

313 

Figure 7-4 PUBLISHED INSTRUMENT APPROACH PROCEDURES 
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WASHINGTON DULLES INTL 92289 SL-5100 (FAA) 
4PITAL FOUR DEPARTURE (VECTOR) WASHINGTON. Dc 

316 

IS 134.85 

NC DEL 127.35 ~DVLLESOEP Gi' 
I NORTH I 117.9 EMI  h- L L25E55K)A 1 

40 CON 121.9 JERES 
N39'38.57' 
W77'27.30' 
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BUFFR 

SMYRNA 
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MOTE: Chert not ta Yale. 

DEPARTURE ROUTE DESCRIPTION 

Fly runway heading or as assigned for radar vectors to filedlassigned route or 
depided fix, maintain 4,000 feet or assigned altitude. Expect clearance to filed 
altitude 10 minutes after departure. 
SPECIAL INSTRUCTIONS: For. appropriate departure control frequency, see 
graphic. Use frequency depicted within sector where your first NAVAlDlFixlRoute 
is located, or as assigned. 

WASHINGTON, DC 
WASHINGTON DULLES INTL 

IAPITAL FOUR DEPARTURE (VECTOR) 

Figure 7-5 PUBLISHED STANDARD INSTR- DEPARTURE (SID) 
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I A )  Introduction 

8 . 0  LESSONS LEARNED 

1) Purpose 
2) Organization of Test Plan 
3) Project Background 
4) Test Purpoae and Objectives 

I B) Test Description and Parametera 

8.1 Testing 

Though valuable information wae gathered during this teat seriee, an 
emphasie must be placed on formal teBt planning to enaure a more 
efficient study and documentation of events. 

8.1.1 Test Protocols 

A formalized Test Protocol needs to be developed for all testing. It is 
quite apparent that the test team worked well together; however, greater 
detail needs to go into pre-teat documentation and planning. This will 
ensure that all participants have the knowledge of the full details f o r  
the test to be conducted from all phases. In addition t h i s  document 
could be a vital logistics, support,and test team members roles and 
responsibility document in the event that a key player is unable to 
perform his or her assigned task. 

A recommended, though never complete, “TABLE OF -S“ of a specific 
teat protocol could include the following: 

1) General Test Description 

C) Pre-Test Preparation 

1) Existing Data 
2) Test-Site Support 

a) Equipment Requirements 
b) Aircraft Preparation 
c) Explosives Support 
d) Emergency Services 

3) Photographic Requirements 
4) Test Equipment ReqUirWents 
5) Security Requirements 
6) Pre-Test Briefing 
7 ) Equipment Validation 
8) Aircraft Drawinga 

D) Test Procedures 

1) Test Conduct and Procedures 

a) Final Conditions Survey 
b) Equipment Test and Check 
c) Placement of Emergency Service0 
d) Test Site Clearing 
e) Weapon Arming 
f) Weapon Firing 
g) .NLs-Fire Contingency 
h) Shutdown Procedure6 
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i) Aircraft and Site Examination 
j) Data Collection (Before, During, and After) 
k) S i t e  Clean-Up 

1) Safety Practices 
2) Emergency services 
3) Emergency Contingencies 

F) Documentation 

1) Content 
2) Format 
3) Classification 
4 )  Distribution 

APPENDIX 

A )  Test Check List 
B) Data Collection Sheet 
c) Point of Contacts 

8.1.2 Safety 

An emergency fire and medical team should be on the test eite during 
weapons detonation and an adequate first aid k i t  on the site at all 
times . 
While on the test site ensure that there i# at least a portable water- 
based fire fighting unit readily available. 

8.1.3 Documentation 

Physical data must be collected before, during, and after any teat. The 
development of a data collection sheet w i l l  aesist greatly in this task 
(Appendix C) . 
It must be emphasized that the purpoee of conducting any test i a  to gain 
knowledge and record data €or dissemination. sti l l  and motion picturee, 
though extremely helpful, are not adequate without written documentation 
f o r  substatiation. It w i l l  never pay to conduct any test unleee a 
documentation plan is adequately incorporated into the test protocols. 
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9 . 0  RECOBQdENDATIONS 

1) Conduct a literature search relating to any items regarding MANPADS 
theory, capabilities, performance, and counter-measures. This will 
include enquiring data bases from government and industry. 

2) Team up with various intelligence sources to determine a MANPADS 
threat to world-wide commercial air transportation. 

3) After conducting recommendatione 1) and 2) determine if there are 
any technical or intelligence gaps and pursue them. 

4) Publish and disseminate, to the appropriate organizations, a l l  
findings relating to recommendations l), 2 ) ,  and 3 ) .  

! 
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APPENDlXA 
MANPADS CHARACTERISTICS AND PERFORMANCE 

? 
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BRAZIL 

Orbita MSA-3.1 L o w  Altitude Surface-To-Air H i g h  Velocity Missile System 

Description: 
Automatic-Command-To-Line-Of-Sight (ACLOS) system using a digital coded 
laser link to the missile with a stabilized sight and auto-tracker that 
follows a flare at the base of the weapon. Upon firing, the missile is 
initially boosted out of its launcher-container to a point clear of the 
gunner where its solid propellant rocket motor can ignite to increase 
its speed to a maximum of 1300 meters per second (m/s). 

The nose of the missile contains the gyro package, thermal battery, 
motor ignition delay unit, command link detector, receiver and decoder 
units, guidance command processing unit, and the single kinetic energy 
warhead with a tungsten angular cutter. 

Flight control is achieved by lateral thrusters and control systems 
utilizing digital electronic circuits. 
is assessed at 0.75- 

The MSA 3.1 is a portable missile system guided by an 

The single shot kill probability 

SPECIFICATIONS 

TYPE: two-stage, high velocity, low altitude 

LENGTH 
missile plus launch tube: 1.580 m 
missile: 1.500 m 

DIAMETER: .060 m (missile) 

WEIGHT 
complete system: 23.0 kg 
missile at launch: 12.4 kg 

GUIDANCE: Automatic-Command-To-Line-Of-Sight 

MAX SPEED: 1300 m/s 

MAX ENGAGEMENT RANGE: 6000 m 

MIN RANGE: 150 m 

DEPLOYMENT 

Missile still in development phase. 
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CHINA, PEOPLE'S REPUBLIC 

1 CPMIEC L o w  Altitude Surface-To-Air Missile System 

Description: CPMIEC is developing a semi-active MANPAD system €or t h e  
Chinese Armed Forces. The system w i l l  be designed to be operated by two 
and w i l l  have an in t eg ra l  i l luminator aa pa r t  of t h e  launcher assembly. 

Propulsion is provided by a rocket ramjet which will give t h e  missile a 
maximum range capabi l i ty  of approximately 8000 m and a maximum 
engagement a l t i t u d e  of approximately 5000 m. 

CPMIEC HN-5 Series Manportable Anti-Aircraft Missile System 

Description: The HN-5 cons is t s  of an expendable launch tube which 
serves aa an aiming device and launcher, as w e l l  as a carrying case, a 
g r i p  stock f i r i n g  un i t  (mounted under t h e  forward p a r t  o f  t h e  launcher 
which provides launch information and enaures correct  f i r i n g  of t h e  
m i s s i l e ) ,  and a thermal ba t te ry  mounted on t h e  forward p a r t  of t h e  grip- 
stock to provide power. 

The 13 kilogram (kg) m i s s i l e  i s  composed of four sections:  t h e  I R  seeker 
sect ion which is  f i t t e d  with both t h e  cooling and background noise 
re jec t ion  device; t h e  control  actuator  which contains t h e  gas generator; 
t h e  warhead and fuze; and t h e  rocket motor with rear fin attachment. 
The I R  seeker is designed t o  de tec t  t h e  thermal rad ia t ion  emitted from 
t h e  t a r g e t  and converts t h i s  information in to  m i s s i l e  s t ee r ing  commands. 

SPECIFICATIONS 

TYPE: s ing le  s tage,  low a l t i t u d e  

WEIGHT: 16  kg (including launcher) 

MAX ENGAGEMENT RANGE: 4400 m ( a l a n t )  

MIN ENGAGEMENT RANGE: 800 m ( s l a n t )  

MAX ALTITUDE: 2300 M 

4 

MIN ALTITUDE: 50 M 

DEPLOYMENT 

China, People's Republic, North Korea. Variant supplied t o  Afghanistan 
(Mojahedin) , Iran, Iraq, Thailand, Pakistan 

4 
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F i g u r e  A - l  CPMIEC HN-5A 
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EGYPT 

Sakr Eye  L o w  Alt i tude  Surface-lo-Air Missile System 

Descript ion:  The Sakr Eye c o n s i s t s  of four  components; The launch tube ,  
b a t t e r y ,  mies i l e ,  and gr ip-s tock.  The m i s s i l e  i s  t r anspor t ed  and 
launched from an expendable tube  which i s  made of glass f i b e r  and is 
f i t t e d  wi th  two aiming p o i n t s  pos i t ioned  on t h e  left forward s i d e ,  an 
a c q u i s i t i o n  ind ica to r ,  and a thermal b a t t e r y  mounted under t h e  front: 
which has  s u f f i c i e n t  power f o r  40 seconds. 

The m i s s i l e  is  a f i re-and-forget  system and c o n s i s t s  of an I R  homing 
head, guidance and con t ro l ,  warhcad, and propuls ion sec t ion .  The gr ip-  
s tock  combines t h e  f i r i n g  mechanjsm and t h e  l o g i c  c i r c u i t s .  
a t t ached  to t h e  launch tube  it carries out  t h e  f i r i n g  sequence and 
au tho r i zes  t h e  e j e c t i o n  of t h e  m i s s i l e  i n  e i t h e r  a manual o r  automatic 
mode. 

when 

I n  t h e  absence of an i n t e g r a t e d  IFF system a t y p i c a l  t a r g e t  engagement 
i s  as follows: t h e  gunner acqui res  t h e  t a r g e t  and a l i g n s  t h e  weapon 
us ing  t h e  open s i g h t  and selects e i t h e r  manual or  automatic mode; 
and v i s u a l  cues i n d i c a t e  t o  t h e  gunner t h a t  t h e  t a r g e t  i s  wi th in  t h e  
weapons range. The t r i g g e r  is t h e n  squeezed according t o  t h e  s e l e c t e d  
mode and t h e  m i s s i l e  i s  ejected from t h e  launch tube  by a small rocke t  
motor. Af te r  a s h o r t  de lay  t h e  s u s t a i n e r  motor is  i g n i t e d  t o  propel  t h e  
m i s s i l e  t o  i t s  t a r g e t .  I f  t h e  t a r g e t  i s  not  encountered wi th in  16  
seconds t h e  m i s s i l e  w i l l  s e l f -des t ruc t .  The High Explosive ( H E )  warhead 
i s  detonated by a contac t  o r  graz ing  fuze. 

The Sakr Eye ammunition conta iner  has  t w o  m i s s i l e s  f i t t e d  wi th  thermal 
batteries, p lus  two spa re  b a t t e r i e s ,  while t h e  gr ip-s tock conta iner  has 
one gr ip-s tock.  

The system t akes  approximately 10 seconds t o  be prepared f o r  a c t i o n  and 
can engage an a i r c r a f t  t r a v e l i n g  a t  a maximum speed of 280 m / s  i n  
p u r s u i t  or 150 rn/s i n  a head-on a t t ack .  

audio 

SPECIFICATIONS 

TYPE: two s t age ,  low a l t i t u d e  

LENGTH: 1.4 m ( m i s s i l e )  

DIAMETER: 0.072 m ( m i s s i l e )  

WEIGHT 
m i s s i l e :  9.9 kg 
launcher:  5.1 kg 

PROPULSION: s o l i d  f u e l  boos te r  and s o l i d  f u e l  s u s t a i n e r  rocke t  

WARHEAD: HE smooth fragmentation with contac t  and graz ing  fuze 

MAX SPEED: 280 m / s  

MAX ENGAGEMENT RANGE: 4400 rn 

MAX ENGAGEMENT Z T I T U D E :  2400 m 

M I N  ENGAGEMENT ALTITUDE: 50 rn (150 m f o r  h e l i c o p t e r s )  
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DEPLOYMENT 

Egypt, Afghanistan (Mojahedin) 

F i g u r e  A-2 Sakr E y e  
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FRANCE 

Matra Mistral SATCP Low Altitude Surface-To-Air Missile System 

Description: 
container-launcher tube, a vertical tripod stand, a pre-launch 
electronics b o x ,  a day-time only sighting system, and the 
battery/coolant system. A Forward-Looking-Infra-Red (FLIR) thermal 
sight is used for night time firing. 
down into two 20 kg loads. 

The missile is a two stage cylindrical type missile with a booster m o t o r  

to the target. Flight control is accomplished through the use of one 
pair of movable canards located forward of the missile. 
fragmentation warhead uses one kg of explosive and layers of tungsten 
balls to increase penetration of the target. 
either contact or proximity. 
type. 
are prone to detonate prematurely due to false target returns. 

The cooled passive IR seeker has a multiple sensor which digitally 
processes incoming signals in the 3-5 pm IR region o f  the spectrum. 
This allows acquisition of a non-after burning aircraft to be tracked at 
ranges of 6000 meters and light helicopter with reduced IR signatures at 
4000 meters. The seeker head can move through a +/- 38O with a narrow 
field-of-view after lock-on. 

The Mistral system consiats of the missile in its 

The basic assembly can be broken 

~ to eject it from the launch tube and a sustainer motor to propel it on 

The 2.95 kg HE- 

The fuzing system is 
The proximity fuze is an active laser- 

This is an advantage over other types of proximity fuzes which 

An IR transparent magnesium fluoride pyramidical-shaped seeker cover is 
used so as to reduce the drag normally found at the upper end of the 
speed range with more conventional cover shapes. This increases the 
missiles maneuverability during the terminal phase of the flight 
allowing the Mistral to track on evasive targets. 

To prepare the Mistral fo r  firing the missile, in the container, is 
fitted together with the battery/coolant unit, the sighting device, and 
the pre-launch electronics box. 
functions during an engagement: it determines the field and sensitivity 
of the seeker using the target data derived from the seeker head looking 
at the aiming point; from this data it either rejects it as a false 
target o r  confirms it as a valid target by calculating target 
information for launch. The battery/coolant unit supplies the 
electrical power required prior to launch and supplies the coolant for 
the seeker head lock-on. Once initiated the unit operates for 45 
seconds after which it has to be replaced. 

Once a gunner designates and tracks a target he activates the system 
where all aiming data is continuously displayed via a clear collimator 
system which allows the gunner to follow the pre-launch sequence and 
assesses the target's track. He then releases the safety lever and 
activates the seeker activation lever energizing the battery/coolant 
system. After two seconds the system is stabilized for the seeker to 
lock-on and feeds target data into the missile system. 
is validated and within range the gunner depresses the firing trigger. - 
This causes the missile's double-based extruded motor to ignite which 
propels the missile safely from the launch tube at 40 m/s, 
approximately 15 meters the booster motor falls off and the sustainer 
motor fires to accelerate the missile to its maximum speed. 

The weapon tracks on the target's exhaust plume by the onboard passive 
IR homing system wher,e data is continuously fed to the missile's flight 
control. A final forward correction or lead is calculated where a 
proximity fuze detonates the warhead- 

The box carries out the following 

When the target 

At 
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SPECIFfCATION 

TYPE: two stage, l o w  altitude 

LENGTH 
missile: 1 .81  m 
container-launch tube: 1.85 m 

DIAMETER: 0.0925 m (missile) 

WING SPAN: 0.19 m 

WEIGHT 
missile : 18.4  kg 
container-launcher tube: 21.4 kg 

PROPULSION: solid f u e l  ejector rocket motor with aolid f u e l  eustainer 
rocket motor 

GUIDANCE: I R  passive homing 

WARHEAD: 2.95 kg HE fragmentation with contact and active laser 
proximity fuze 

MAX SPEED: 2 . 6  Mach 

MAX ENGAGEMENT RANGE: 4000-6000 m depending on target type 

MIN ENGAGEMENT RANGE: 300 m 

MAX ENGAGEMENT ALTITUDE: 4500 m 

MIN ENGAGEMENT ALTITUDE: 15 m 

DEPLOYMENT 

France, Belgium, Finland, Italy, Selenia, Spain, Norway, Abu Dhabi, 
Cyprus, Saudi Arabia, Qatar, Singapore, Malaysia, Gabon, Kenya, Chile 

Figure A-3 Matra Mistral 
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JAPAN 

Toshiba Keiko Low Altitude Surface-To-Air Missile System 

Description: The missile is believed to a standard technology booster 
and sustainer rocket. The technological advance is located i n  the 
homing system which is a dual-mode imaging type which uses both IR and 
visual light region guidance wavelengths. The gunner locks the seeker 
head onto the target where upon the high resolution Charge Coupled 
Device (CCD) memorizes the target's appearance and causes the weapon to 
follow an all-aspect attack flight profile which is extremely resistant 
to any defensive countermeasures that may be employed. 

DEPLO- 

Currently under development. 

PAKISTAN 

Anza Low Altitude Surface-To-Air Missile System 

Description: The Anza (Lance) was developed under the auspices of the 
Pakistani Military Research Laboratories. Approximately 70% o f  the 
missile is of indigenous design with the remainder, most likely the IR 
seeker head, of Chinese origin. 

The estimated range of the Anza is 500 - 5000 m. 

FOR OFFICIAL USE ONLY 
A-9 



FOR OFFICIAL USE ONLY 

ROMANIA 

SA-7b (S+rela-2M/9K32M) Low Altitude Surface-To-Air Missile System 

Description: The Soviet Strela-2M (Soviet industrial index number 
9K32M) MANPAD missile system is being developed through a license by the 
Romanian armaments industry and specifically made to destroy targets 
that have been visually acquired such as helicopters and aircraft. 

Against jet aircraft moving at SpeedB of 260 m/s the best engagement 
aspect is a pursuit flight profile, while for propeller driven aircraft 
and helicopters at speeds up to 160 m/s a pursuit head-on engagement is 
possible. 

The Strela-2M missile system Consists of the following components (shown 
with Soviet industrial code index): 

a) Disposable Thermal Battery Power Supply Unit (9B17) 

b) Disposable Launch Tube (9P54M) 

c) Grip-Stock Launching Mechanism (9P58) 

d) Missile (9M32M) 

The missile is made up of the following sections: 

a) Nose Section: A single channel passive IR transparent seeker 
(designated TGS or teplovaya golvka samonevedeniya) and auto pilot that 
receives the target signal from the TGS and creates the guidance 
commands that are sent to the missiles control section. 

b) Control Section: With the missile control vanes; the angular speed 
sensor (designated DUS for datchik uglovykh skorostej) which senses the 
angular speed of the missile oscillations, and translates them into 
signals used to stabilize the missile on its desired flight trajectory; 
a solid-propellant gas generator, and an onboard power supply, which 
powers the control vanes and comprises a turbine driven by diversion of 
exhaust gas from the burning propellant charge. 

c) Warhead Section: A 1.15 kg HE chemical energy (0.37 kg HE charge) 
fragmentation warhead and detonating system. The latter comprises a 
remote control arming device, contact and grazing fuze circuits, and a 
self-destruct mechanism. 

d) Propulsion Section: A launch booster that provides the missile with 
its initial velocity of 28 m/s. Once clear of the gunner (five to s i x  
meters), and with a l l  four rear fins deployed, the sustainer motor fires 
and propels the missile up to it5 maximum speed. Between 80 and 250 
meters the second stage motor fires. A total weight of 4.2 kg of s o l i d  
propellant fuel is carried. 

The glass fiber tube is used to transport, aim, and launch the missile. 
The grip-stock is attached to it and acts as a launching mechanism. 
Fitted to the grip-stock is the thermal battery power unit, which 
supplies both 22 V and 40 V DC to the grip-stock electronics, missile 
electronics, and missile seeker head. 

Following a 1 to 1.3 second activation period, the battery will supply 
power for 40 seconds until it has to be replaced. 

The complete missile system is capable of operating at a relative 
humidity level of 98% between -40 and +5OoC. 
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SPECIFICATIONS 

TYPE: t w o  stage, low altitude 

LENGTH 
missile (fins fo lded):  1.440 m 
container-launch tube: 1.500 m 

DIAMETER: 0.072 m (missile) 

WEIGHT 
missile : 9.85 kg 
launcher assembly: 16.00 kg 

PROPULSION: solid fuel booster and solid fuel sustainer rocket motor 

GUIDANCE: single-channel passive I R  homing 

WARHEAD: 1 . 1 5  kg HE-fragmentation with contact and grazing fuze 

MAX SPEED: Mach 1.5 

MAX ENGAGEMENT RANGE: 4200 m (receding), 2800 rn (approaching) 

MAX ENGAGEMENT ALTITUDE: 4500 m 

MIN ENGAGEMENT ALTITUDE: 15 m 

MISSILE SELF DESTRUCT TIME: 14-17 8 after launch 

DEPLOYMENT 

Romania 
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SWEDEN 

Bofors RBS 70 Series L o w  Altitude Surface-To-Air Missile System 

Description: The RBS 70 missile series (there is a Mk 1 and Mk 2)has a 
two-stage solid propellant rocket motor. It is never removed from its 
container-launcher tube when in the field but once fired the tube is 
discarded. Both impact and laser proximity fuzes are employed in the 
missile that is fitted to a HE-fragmentation warhead that is surrounded 
by numerous tungsten pellets. 

The proximity fuze is set €or short-range activation so as to avoid 
premature detonation during operations close to reflecting surfaces such 
as ice, snow, or water. For very low altitude targets, such as 
heIicopters, it can be disabled before flight by m'eans of a switch on 
the gunners left-hand aiming grip, so that the weapon actually needs to 
hit the target with its Contact-fuze in order to score a kill. A shape 
charge is incorporated in the warhead that i s  capable of penetrating all 
aerial armored targets. 

In addition to the essentially smokeless sustainer rocket motor, the 
missile body also houses a receiver unit which senses deviation from the 
line-of-sight and a small computer which converts these deviations 
signals into guidance pulses that command the missile to automatically 
follow the center of the laser beam. 

For an engagement the tubular stand assembly is removed from its 
carrying harness and the three legs unfolded. The operators seat is 
then unfolded from the vertical central tube and the gyro stabilized 
sight, power supply, IFF unit, and launcher-container missile tube are 
attached I 

On engaging a target the gunner acquires a visual sighting where he 
slews the system onto a rough bearing of the target and releases the 
weapon's safety catch, activating the electronics for the missile launch 
system, and commences aiming with a reticule sight. The IFF equipment, 
if fitted is automatically activated at the same moment as it transmits 
the interrogation signal. If a friendly signal is received the firing 
circuit is overridden and visual signal lamps in the aiming sight 
indicates to the gunner that this happened. 

The range is gauged by means of a graticule with a head-on fighter-sized 
target which is indicated as being in range when it appears to be bigger 
than half the central gap in the effective engagement. Once the gunner 
is satisfied that the conditions are correct he launches the missile, 
maintaining his aim till missile impact by guiding the gyro stabilized 
optical sight with a thumb joystick. 

SPECIFICATIONS 

TYPE: two stage, low altitude 

LENGTH 
missile : 1.320 m 
container-launch tube: 1.745 m 

DIAMETER 
missile: 0.106 m 
container-launch tube: 0.152 m 

WING SPAN: 0.32 m 
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WEIGHT 
Mk 1 (missile): 16.0 kg 
Mk 2 (missile): 16.5 kg 
launcher-container:  26.6 kg 
s tand:  2 5  kg 
s i g h t ,  pad, and ca r ry ing  cage: 35 kg 

PROPULSION: 

GUIDANCE: modulated laser-beam r i d i n g  

solid f u e l  boos te r  and solid f u e l  s u s t a i n e r  rocke t  motor 

WARHEAD 
Mk 1: 
Mk 2: 

1 kg HE-fragmentation with contac t  and a c t i v e  Laser proximity 
l a r g e r  wi th  fragmentation shaped-charge and s i m i l a r  fuzing 

MAX SPEED: supersonic  

MAX ENGAGEMENT RANGE 
Mk 1: 5000 m (h igh  speed targets), 6000 m (low speed t a r g e t s )  
Mk 2: 6000 m (h igh  speed t a r g e t s ) ,  7000 m (low speed t a r g e t s )  

MIN ENGAGEMENT RANGE: 200 m 

MAX ENGAGEMENT ALTITUDE 
Mk 1: 3000 rn 
Mk 2: 4000 m 

M I N  ENGAGEMENT ALTITUDE: ground l e v e l  

DEPLOYMENT 

Argent h a ,  
Pakistan , 
Venezuela 

Aus t r a l i a ,  Bahrain, I r a n ,  I r e l and ,  Indonesia,  Norway, 
Singapore,  Sweden, Taiwan, Tunis ia ,  United Arab E m i r a t e s ,  

Figure A-4 Bofors RBS 70  
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TAIWAN 

CSIST L o w  Altitude Surface-To-Air Missile System 

Description: The Chung Shang (or Sun-Yat-sen) Institute of Science and 
Technology (CSIST) is developing a man portable laser guided low 
a l t i tude  SAM system. 

It is expected to be physically similar to the Swedish RBS 70 system 
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TYPE: two stage, low altitude I =  LENGTH: 1.55 m 

UNION OF SOVIET SOCIALIST REPUBLICS/RUSSIA 

SA-18 Low Altitude Surface-To-Air Missile System 

Description: 
Soviet/Russian MANPAD system which has been assigned the U S  designation 
SA-18. 
quantities during 1990 no further information ie available. 

Sources have indicated the fielding of an improved 

Apart from being reported as being in service in field test 

WEIGHT 
missile: 10.8 kg 
launcher assembly: 4.2 kg 

PROPULSION: two-stage solid propellant booster and sustainer I 

SA-16 "aimlet" Low Altitude Surface-lo-Air Yissile System 

Description: A PZRK (perenosniy zenitniy kompleks: portable air defense 
system) known to the Soviets/Russians as Igla-1 (Russian for needle) is 
a system comprised of a missile in a 9M39 launching tube with grip-stock 
launching mechanism and portable battery power unit. It is essentially 
a new system with a changed shape around the shoulder rest (the 
battery/coolant reserve is canted downward at an angle about l o o  
relative to the launcher tube) is a frangible nose cap and a modified 
firing mechanism. The nose is a conical pyramidal shape similar to that 
of the French Mistral. 
and scored most of the MANPAD system kills against the Coalition Force 
aircraft (including four McDonnell Douglas AV-8B Harrier 11). 

Guidance is by proportional navigation using a cooled seeker unit. 
Maximum target bearing angle for a launch is +/- 40°.  

In the Finnish Army the system is called the 86 Igla and is linked to 
external target acquisition and control systems. These modifications 
include the use of a locally made IR target finder with automatic 
search. A fire command unit allows firing instructions to be data- 
linked from a command vehicle to the gunner. 

The system was used by Iraq during the G u l f  War 

! 

SPECIFICATIONS 

DIAMETER: 0.80 m 

GUIDANCE: cooled IR homing 

WARHEAD: 2 kg HE-fragmentation with contact and grazing fuze 

AVERAGE SPEED: Mach 2.0 

MAX ENGAGEMENT RANGE: approximately 7000 m 

MIN ENGAGEMENT RANGE: 600 m 

MAX ENGAGEMENT ALTITUDE: 6900 m 

MIN ENGAGEMENT ALTITUDE: 10 m 

DEPLOYMENT 

Angola, Finland, Iraq, Nicaragua, Soviet Union 
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Figure A-5 SA-16 " G i m l e t "  
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SA-14 "Gremlin" L o w  Altitude Surface-To-Air Missile System 

Description: 
rocket motor, a more powerful warhead, and a cryogenically cooled 
passive IR homing seeker with proportional guidance so it can track both 
approaching and xeceding aircraft and other targets maneuvering at up to 
8 g. 
IR countermeasures such as flares and modulated IR "hot brick" type 
decoys - 
The missile is similar to the SA-7 but heavier. The grip-stock assembly 
has a ball-shaped battery at the front in contrast to the rear-mounted 
can-type battery of the SA-7.  
passive radio-frequency direction finder antenna system. 

SPECIFICATIONS 

Compared to the SA-7 series the SA-14 has an improved 

It is also believed to incorporate IR signal processing to defeat 

The weapon can also be fitted &th a 

TYPE: two stage, low altitude 

LENGTH: 1.4 m 

DIAMETER: 0.075 rn 

WEIGHT 
missile : 9.9 kg 
launcher assembly: 6.1 kg 

PROPULSION: solid fuel booster and solid f u e l  sustainer rocket motor 

GUIDANCE: cooled IR homing 

WARHEAD: 2 kg HE-fragmentation with contact and grazing fuze 
? 

MAX SPEED: Mach 1.5 

MAX ENGAGEMENT RANGE: 5300 m 

MIN ENGAGEMENT RANGE: 600 m 

MAX ENGAGEMENT ALTITUDE: 5500 m 

MIN ENGAGEMENT ALTITUDE: 10 m 

DEPLOYMENT 

Angola, Cuba, Czechoslovakia, El Salvador (FMLN guerrilla group), 
Finland, Hungary, India, Iraq, Jordan, Nicaragua, Poland, Sovie t  Union, 
Syria, UAE (Abu Dhabi Royal Guard) 
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Figure A-6 SA-14 "Gremlin" 
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SA-I " G r a i l "  L o w  Alt i tude  Surface-To-Air Missile System 

Description: 
air defense system) is referred to by the Soviets/Russians as the 
Strela-2 (Russian for arrow). 
green (for operational round) launch-container (Soviet factory index 
9P54 for the Strela-2 and 9P54M f o r  the Strela-2M), a re-loadable grip- 
stock (Soviet factory index 9P53 for the Strela 2 with a 24 pin 
connector and 9P58 for the Strela-2M with a 28 pin connector), and a can 
like thermal battery. 

To operate the system the gunner visually identifies and acquires the 
target. He then loads a riissile in its disposable glass fiber container 
onto the grip-stock and pcinting the launcher at the target he pulls the 
trigger back to its first stop to start the ahort-life battery and 
energizes the seeker head's sealed tracker unit. This contains a 
reflective optical system that is sensitive to heat and also acts as a 
space-stabilized gyroscope t o  aid the missile in flight. 

It takes between four and s ix  seconds to do this and ounce the seeker is 
energized and uncovered a red light on the launcher's optical. sight is 
lit. As soon as the IR detector cells in the seeker detects the 
reflection of heat energy from the optical system a green light is 
activated on the sight and an audible warning is sounded by a small 
alarm under the rear of the grip stock near the gunner's ear. 

The gunner then depresses the trigger fully and the missile is expelled 
by the first stage solid propellant booster motor to reach a speed of 28 
m/s. This burns out in 0.05 seconds, before the tail of the missile 
departs the launch tube to protect the gunner from being burned. 
booster then f a l l s  away at a safe distance from the launch position and 
the four spring loaded stabilizer tail-fins and the two canard control 
fins deploy as the missile c o a s t s  along. 

Once this operation is complete the s o l i d  propellant second stage 
sustainer rocket motor ignites at approximately five to six meters from 
the gunner and 1.25 seconds into flight to accelerate the missile, 
within 1.8 seconds, to its maximum speed. 

The seeker head continuosly determines the angle of the target's heat 
that is reflected and the on-board guidance system uses this data to 
resolve the difference between the direction that the head is pointing 
and the weapon's trajectory by moving the two variable-incidence control 
fins. Through out its fuel efficient lag-pursuit flight the missile 
spins in a counter-clockwise direction f o r  stability. 

The SA-7a (Strela-2) has a maximum speed of approximately Mach 1.5 and 
is effectively capable of engaging a target at a range of 5000 meters 
and at altitudes up to 4000 meters. 

The SA-7b (Strela-2M) has a maximum speed of approximately Mach 1.5 and 
is effectively capable of engaging a target at a range of 5000 meters 
and at altitudes up to 4500 meters. 

In both versions the missile contains 0.37 kg of FIE and is armed after 
45 meters of flight. It automatically self-destructs after 14 to 17 
seconds of flight, which in this case the missile will be approximately 
6000 meters down-range. 

The PZRK (perenosniy zenitniy rakentniy kompleks: portable 

The system consists Of a missile in its 

The 
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SPECIFICATIONS 

TYPE: two stage, low altitude 

LENGTH 
missile: 1.44 rn (fins folded) 
launcher: 1.50 m 

DIAMETER 
missile: 0.072 m 
launcher: 0.100 m 

WEIGHT 
missile: 9.20 kg (Strela-a), 9.85 kg (Strela-2M) 
launcher assembly: 4.17 kg (Strela-2), 4.95 kg (Strela-2M) 

PROPULSION: solid fuel booster and solid fuel sustainer rocket motor 

GUIDANCE: IR homing 

WARHEAD: 1.15 kg HE-smooth fragmentation with contact and grazing fuze 

MAX SPEED: Mach 1.5 (strela-2), Mach 1.5 (Strela-2M) 

MAX ENGAGEMENT RANGE: 5000 m (Strela-2), 5000 m (Strela-2M) 

MIN ENGAGEMENT FLANGE: 800 m 

MAX ENGAGEMENT ALTITUDE: 4000 m (Strela-2), 4500 m (Strela-2M) 

MIN ENGAGEMENT ALTITUDE: 50 m (Strela-2), 30 m (Strela-2M) 

DEPLOYMENT 

Afghanistan, Algeria, Angola, Argentina, Benin, Botswana, Bulgaria, 
Burkina Faso, Cambodia, Cape Verde Islands, Chad, People's Republic of 
China, Croatian militia, Cuba, Cypfua, Czechoslovakia, Egypt, Ethiopia, 
Finland, Ghana, Guinea, Guinea-Bissau, Guyana, Hungary, India, Iraq, 
Jordan, North Korea, Kuwait, Laos, Libya, Mali, Mauritania, Mongolia, 
Morocco, Mozambique, Nicaragua, Nigeria, Peru, Poland, Romania, Serbian 
militia, Seychelles, Sierra Leone, South Africa, Somalia, Soviet Union, 
Sudan, Syria, Tanzania, Uganda, Yemen, Yugoslavia, Zambia, Zimbabwe 

DEPLOYMENT (GtJERRILLA/TERRORIST) 

Provisional IRA, Uniao Naeional para a Indepencia Total de Angola 
(UNITA), Polisario Front ,  Sudanese People6 Liberation Army (SPLA), 
Eritrean Liberation Front (ELF), Mozambiques National Resistance (MNR), 
Northern Armed Forces (FAN), Abu Nidal Group, Palestinia Liberation Army 
(PLA), Palestinian Liberation Organization (PLO), Popular Front for the 
Liberation of Palestine-Liberation Command (PFLP-GC), sa'iqa, Al-Fatah, 
Christian Militia, Druze Militia, South Lebanon Army, Hezbollah, Amal 
Militia, Farabundo Marti National Liberation Front (FMLN),  Liberation 
Tigers of Sri Lanka, Khmer Rouge, Moro National Liberation Front (MNLF), 
New People's Army (NPA), Khmer People's National Liberation Front 
(KPNLF ) 
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UNITED KINGDOM 

Shorts Starstreak Close A i r  Defense Weapon System 

Descript ion:  
rocket  motor assembly with a payload separa t ion  system mounted on t h e  
f r o n t  end of t h e  second stage motor. 
which each have guidance and con t ro l  c i r c u i t r y ,  a high pene t r a t ion  
explos ive  warhead, and delay a c t i o n  fuzing. 

The aiming u n i t  conta ins  a l l  t h e  systems requi red  €or  t h e  engagement 
cyc le  and comprises two sepa ra t e  detachable  assemblies: 

a) 
o p t i c s  s t a b i l i z a t i o n  system, aiming mark i n j e c t o r  u n i t ,  and a i m e r  
monocular s i g h t .  

b) A hermet ica l ly  sealed con t ro l  u n i t  i n  a l igh tweight  molded case  
which conta ins  t h e  power supply u n i t  (with one l i t h ium oxide b a t t e r y  
pack) and t h e  e l e c t r o n i c s  u n i t s  required for processing and con t ro l .  An 
a t tached  con t ro l  handle conta ins  t h e  j o y s t i c k  c o n t r o l l e r ,  t r i g g e r  
assembly, system switch,  wind o f f s e t  switch,  and super-elevat ion button. 

In combat t h e  gunner acqui res  t h e  t a r g e t  i n  h i s  monocular s i g h t  and 
s e l e c t s  "system-on" which energ izes  t h e  aiming u n i t  b a t t e r y  supply. A 
space s t a b i l i z e d  aiming mark is i n j e c t e d  i n t o  t h e  cen te r  of t h e  f i e l d -  
of-view of t h e  aimer who then  t r a c k s  the chosen t a r g e t  by moving t h e  
launcher assembly as t o  maintain t h e  t a r g e t  i n  coincidence with t h e  
aiming mark. This permits  lead angles  i n  both azimuth and e l e v a t i o n  t o  
be generated and ensures  t h e  m i s s i l e  i s  brought i n t o  t h e  t a r g e t  a t  t h e  
end of i t s  boost phase. 

Af te r  h i s  pre-launch t r ack ing  phase i s  complete, t h e  gunner p re s ses  t h e  
f i r i n g  t r i g g e r  which causes a pu l se  of power t o  be t r ansmi t t ed  from t h e  
aiming system power supply t o  t h e  m i s s i l e  booster  u n i t  where it causes  
t h e  f i r s t  s t age  rocke t  motor t o  i g n i t e .  The S t a r s t r e a k  is  e j e c t e d  from 
i t s  launch tube  by t h i s  motor which completely burns ou t  wi th in  t h e  
length  of t h e  conta iner  i n  order  t o  safeguard t h e  gunner. The boos ter  
a c c e l e r a t e s  t h e  m i s s i l e  t o  a high e x i t  v e l o c i t y  while i t s  canted exhaust 
nozzles  impart s u f f i c i e n t  roll on t h e  weapon t o  create a c e n t r i f u g a l  
fo rce  t h a t  unfolds  a set of f l i g h t  s t a b i l i z i n g  f i n s .  The f i r s t  s t age  
motor then  sepa ra t e s  from t h e  main m i s s i l e  body and f a l l s  away as t h e  
S t a r s t r e a k  emerges from i t s  canister.  

The m i s s i l e  i t s e l f  c o n s i s t  of a two s t a g e  s o l i d  p rope l l an t  

This supports  t h r e e  winged d a r t s  

A l i g h t  a l l o y  c a s t i n g  hermet ica l ly  sea led  o p t i c a l  head with an 

A t  a s a f e  d i s t ance  from t h e  gunner, and less than  a second i n t o  t h e  
f l i g h t ,  t h e  main second s t age  rocket  motor i g n i t e s  t o  accelerate t h e  
m i s s i l e  t o  an end-of-boost ve loc i ty  t o  approximately mach three t o  four .  
As t h e  motor burns ou t ,  t h e  a t t enua t ion  of t h e  t h r u s t  t r i g g e r s  t h e  
automatic payload separa t ion  of t h e  t h r e e  d a r t s  which, upon c l e a r i n g  t h e  
m i s s i l e  body, a r e  independently guided i n  a f ixed  t r i a n g u l a r  formation 
by t h e i r  ind iv idua l  onboard guidance systems using t h e  l aunche r ' s  laser 
des igna tor  beam and grid matr ix .  

The dar t s  ride t h e  laser beam pro jec ted  by t h e  aiming u n i t  which 
incorpora tes  two laser diodes.  One of which i s  scanned ho r i zon ta l ly  and 
t h e  o t h e r  v e r t i c a l l y  t o  produce a two dimentional matrix.  Each d a r t  
then  uses  i t s  onboard guidance package t o  con t ro l  a set of steerable 
f i n s  so as t o  hold i t s  f l i g h t  formation wi th in  t h i s  matrix.  Separat ion 
of t h e  d a r t s  a l s o  arms t h e  warheads. 

The d a r t s ,  about 0.45 meters long, 0.02 meters i n  diameter, and made of 
a dense a l l o y ,  r e l y  pr imar i ly  on t h e i r  k i n e t i c  energy f o r  t a r g e t  
pene t r a t ion ,  with t h e  impact fo rces  generated a c t i v a t i n g  t h e  de lay  
ac t ion  fuze mechanism so t h a t  t h e  explosive component (more than  50 pe r  
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cent of the darts total weight) detonates within the confines of the 
target for maximum effect. 

All the gunner has to do is track and maintain his sight picture by use 
of the joystick. 
maximum distance where the darts can retain sufficient maneuverability 
and energy to catch a nine g maneuvering target. 

A Starstreak does not rely on a heat source for guidance, it can engage 
target from a l l  aspects. 

SPECIFICATIONS 

TYPE: two stage high velocity low altitudq 

LENGTH: 1.397 m 

Maximum effective range is 7000 meters which is the 

A single shot probability of kill is 0.96. 

DIAMETER 
missile: 0.127 m 
missile in canister: 0.274 m 

PROPULSION: t w o  stage booster/sustainer solid propellant rocket motor 

GUIDANCE: beam riding laser 

WARHEAD: triple kinetic/high explosive sub-munitions 

MAX SPEED: 1400 m/s 

MAX ENGAGEMENT RANGE: 7000 m 

MIN ENGAGEMENT RANGE: 300 m 

Figure A-8 Shorts Starstreak 
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Shorts Starburst L o w  Altitude Surface-To-Air Missile System 

Description: The Starburst consists of a two stage motor, pre- 
fragmented blast warhead and dual mode (impact/proximity) capacitance 
fuze. Twist and steer commands are sent to the forward-mounted steering 
control surfaces while ballistic stability is provided by the rear f i n s ,  
which also houses the two interconnected laser transceiver guidance 
units. The latter acts as the relays between the aiming unit and the 
missile's forward-positioned electronics and controls section. 

Each of the transceiver units incorporates a laeer receiver, a signal 
processor, and a transmitter in a small cylindrical pod. 
two electrically interconnected pods being fitted are system redundancy 
and the prevention of any possible screening effects acting upon the 
guidance signals. 

The transmitter is mounted in the nose of the pod and relays the command 
up-link data to the missile's forward-mounted electronics. The optical 
data signals are detected by small pop-up antennas connected to the 
control unit which, apart from software changes, is essentially 
unchanged from that of the Javelin. 

The missile canister is a sealed lightweight environmental container 
which acts as a recoilless launcher-tube and is discarded after use. It 
houses an electrical interface connector to pass firing signals from the 
aiming unit to the missile. 
blown off by the gas pressure when the missile gyro is fired. 

The reusable aiming unit consists of a guidance head and control unit. 
The former, which requires no alignment procedure, has an optical 
stabilization system, a guidance transmitter, an aiming mark injector, 
and a six power magnification monocular sight; all housed in an 
environmentally sealed light alloy casing. 

The control unit consist8 of a lightweight molded case with an 
environmentally sealed compartment (containing the wind off-set switch 
and electronic processing assemblies €or processing and control), an 
externally mounted battery box and an attached control handle assembly. 
The control handle contains the joystick, trigger, system on/of€ switch, 
fuze selection switch, and super-elevation button. 

In combat when the gunner receives a target indication he acquires it in 
the monocular sight and selects "system on". He then tracks the target 
by moving the weapon system so that coincidence is maintained with the 
aiming mark. This action automatically generates the lead angles, in 
both azimuth and elevation. The gunner then actuate6 the trigger 
mechanism. 

The reason €or 

At launch the front cap of the canister is 

The missile is launched from the canister by the first stage motor and, 
at a safe distance from the gunner, is boosted to eupersonic velocity by 
the second-stage rocket motor. The gunner continues to track the target 
by keeping the aiming mark superimposed over it by the thumb operated 
joystick. The guidance system lock-on is automatically maintained on 
the center of the aiming ring. 

On reaching the target the missile's warhead is detonated either by 
impact or a proximity fuzing circuit. If after launch it is determined 
that the target is in fact a friendly aircraft, the gunner has the 
ability to self-destruct the weapon. 
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SPECIFICATIONS 

TYPE: two stage low altitude 

LENGTH: 1.394 m 

DIAMETER: 0.197 m 

WEIGHT 
aiming unit: 8 . 5  kg 
missile i n  canister:  15 .2  kg 

PROPULSIDN: two stage propellant rocket 

GUIDANCE: beam r iding  laser  

WARHEAD: 2 . 7 4  kg HE fragmentation with contact and proximity fuze 

MAX SPEED: Mach 1 plus 

MAX ENGAGEMENT RANGE: 4000 m 

! 

Figure A-9 Shorts Starburst 
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Shorts Javelin Low Altitude Surface-To-Air Missile System 

Description: The Javelin MANPAD system consists of two components: the 
missile sealed within the launching-canister and arming unit, and the 
lightweight carrying cases €or both. 

The canister in which the missile is factory-sealed is a lightweight 
environmental container designed to act as a recoilless launcher. It 
houses the guidance aerial, the electrical connections, and the thermal 
battery to power the aiming unit after missile launch. 

The front cap is blown off by gas pressure when the missile gyro is 
fired and the laminated rear closure is ejected at launch. 

The missile is a 1.4 meter long slender tube with the fuzes in the tip 
and the warhead in the center. The guidance equipment is in the forward 
part of the body and the rocket motors are in the rear. There are four 
delta-shaped aerofoils in the nose for aerodynamic control and four at 
the rear for ballistic stability. A self-destruct unit is incorporated. 

The nose section is free -to rotate independently of the main body, to 
which it is attached by a low-friction bearing. Twist and steer 
commands to the control fins guide the missile with a high-response 
rate. 

The aiming unit is a self contained firing and control pack with a 
pistol grip firing handle on the right side. It contains a stabilized 
sighting system which provides manual target tracking and automatic 
missile guidance through a solid-state !TV camera. 

Digital commands from the camera are fed to a microprocessor and the 
resultant guidance commands are transmitted to the missile by radio. 
The simple controls on the handle include the firing trigger, thumb 
controlled joystick, fuze mode, and super-elevation switches. Other 
controls include channel selector switches for the transmitter and an 
automatic cross-wind correction switch. 

The automatic gather and guidance system comprises a miniature solid- 
state CCD, television camera and zoom lens, signal processing 
electronics, and a two axis sub-miniature gyro assembly. The complete 
electro-optical and gyro subsystem are contained within the operator 
lightweight aiming unit. 

The javelin is made ready for action by clipping the aiming unit onto 
the canister. 

Information of an imminent attack can be received over the radio net or 
the team scanning the horizon visually. The gunner acquires the target 
in the monocular sight and switches the system on, selecting the 
frequency of the guidance transmitter, and the fuze mode (contact or 
proximity). This activates the tracking electronics and projects an 
illuminated stabilized aiming mark (a red circular recticul) into the 
field-of-view (FOV). The target is tracked briefly with the aiming mark 
to establieh a lead angle, the safety catch i s  released, and the trigger 
pressed. 

The firing trigger activates two thermal batteries, one of which 
supplies the power to the aiming unit while the other provides power to 
the missile. 

The gyro of the missile is run up by the action of a cordite burning 
charge initiated by the battery. The gas overpressure blows off the 
canister sealing cover and the missile is boosted from the canister by 
the first stage motor which burns out in 0.2 seconds before the missile 
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emerges from t h e  tube.  
s u s t a i n e r  motor a c t i v a t e s  and t h e  weapon a c c e l e r a t e s  t o  i t s  supersonic  
speed. 

The J a v e l i n ' s  wing assembly comprises four  wings mounted on a c e n t r a l  
t ube  and is  housed at t h e  forward end o f  t h e  c a n i s t e r  until t h e  round is 
launched. The wingt ips  are folded i n  t h i 8  stowed p o s i t i o n  t o  reduce t h e  
diameter of t h e  c a n i s t e r .  While t h e  miSeil@ i 8  being launched, t h e  main 
body of t h e  m i s s i l e  passes  through t h e  wing assembly which i s  a r r e s t e d  
by a band of tape around t h e  rear of t h e  body. 
c l e a r  of t h e  launch c a n i s t e r ,  i ts  wingt ips  are unfolded by a r o l l  a c t i o n  
t h a t  t h e  boos te r  motor app l i ea  to t h e  r e a r  body. 

maintain aerodynamic s t a b i l i t y .  

The m i s s i l e  is not  armed u n t i l  it is  s a f e  d i s t a n c e  from t h e  gunner. I f  
t h e  m i s s i l e  has l o s t  a c q u i s i t i o n  or  lo s ses  guidance signals t h e  weapon 
s e l f - d e s t r u c t s .  

A t  a ea fe  d i s t ance  from t h e  gunner, t h e  

When the missile is 

A s l i g h t  can t  on t h e  
- wing then  r o l l s  t h e  m i s s i l e  continuously throuqhout f l i g h t  i n  order  to 

SPECIFICATIONS 

TYPE: two s t a g e  low a l t i t u d e  

LENGTH: 1.39 m 

DIAMETER: 0.076 m 

WING SPAN: 0.275 m 

WEIGHT 
aiming u n i t :  8.9 kg 
m i s s i l e :  12.7 kg 

! m i s s i l e  i n  c a n i s t e r :  15.2 kg 

PROPULSION: two s t a g e  solid prope l l an t  rocke t  

GUIDANCE: semi-automatie command to l ine-of-s ight  (SACLOS) 

WARHEAD: 2.74 kg HE fragmentation with contac t  and proximity fuze  

HE CONTENT OF W A R H E A D :  0.6 kg 

f 

FOV 
monocular: 180 m i l s  
magnif icat ion:  x 6 

TV FOV: 
wide : 230 x 180 m i l s  
narrow: 36 x 36 m i l s  

MAX SPEED: Mach 1 

MAX ENGAGEMENT RANGE: 5500 m ( h e l i c o p t e r s ) ,  4500 m ( je t  a i r c r a f t )  

M I N  EFFECTIVE RANGE: 300 m 

MAX EFFECTIVE ALTITUDE: 3000 m 

M I N  EFFECTIVE ALTITUDE: 10 m 
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F i g u r e  A-10 Shorts Javeline 
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Shorts Blowpipe L o w  Altitude Surface-To-Air Missile System 

Descript ion:  The Blowpipe system c o n s i s t s  of two main components; t h e  
m i s s i l e  s ea l ed  wi th in  its launching-canis ter  and t h e  arming u n i t ,  wi th  
l igh tweight  car ry ing  cases  f o r  both. 

The Blowpipe m i s s i l e  i t s e l f  is  a s lender  t ube  1.4 meters long wi th  t h e  
warhead i n  t h e  c e n t e r  s e c t i o n  and t h e  fuzes  i n  t h e  t i p  of t h e  nose. The 
forward part  of t h e  body conta ins  t h e  guidance equipment and t h e  rocke t  
motors are t o  the rear. 

The 0.2 second burning time of the booster  s t a g e  is achieved by us ing  
t h e  t h i n  sectidma of high burn rate pressur ized  p rope l l an t .  F.311 i s  
induced i n  t h e  m i s s i l e  by s u i t a b l y  angl ing t h e  s m a l l  nozzles  d r i l l e d  
through t h e  rear end p l a t e .  

The second s t a g e  s u s t a i n e r  uses  a conventional double-base p rope l l an t  t o  
minimize smoke emission and exhausts  i ts  gasses  by duc t ing  through t h e  
cen te r  of t h e  f i r s t  spent s t a g e  booster motor v i a  a l i n e d  blast pipe. 

There are fou r  delta-shaped a e r o f o i l s  i n  t h e  nose €or aerodynamic 
con t ro l  and four  a t  t h e  t a i l  t o  provide b a l l i s t i c  s t a b i l i t y .  The 
a e r o f o i l s  are of supersonic  double-wedge p r o f i l e .  

when a per iod  of f i v e  seconds passes without guidance s i g n a l s  being 
received,  a se l f -des tuc t  mechanism a c t i v a t e s .  This  is command a c t i v a t e d  
by t h e  gunner or automat ica l ly  ac t iva t ed  when t h e  m i s s i l e  f a i l s  t o  
remain on course. 

An unusual f e a t u r e  of t h e  Blowpipe i s  t h a t  t h e  nose s e c t i o n  of t h e  
m i s s i l e  i s  f r e e  t o  r o t a t e  independently of t h e  main body, t o  which it is 
a t tached  by a low-f r ic t ion  bearing. T w i s t  and steer commands t o  t h e  
c o n t r o l  f i n s  guide t h e  m i s s i l e  a t  a very f a s t  response rate. 

The conta iner  i n  which t h e  m i s s i l e  i s  f a c t o r y  sea l ed  i n  is  a l igh tweight  
environmental c a n i s t e r  designed to act as a r e c o i l l e s s  launcher  and 
houses t h e  f i r i n g  sequence u n i t ,  t h e  thermal b a t t e r i e s ,  and e l e c t r i c a l  
connections.  

The aiming u n i t  is  a self-contained f i r i n g  and con t ro l  pack with  a 
p i s t o l  g r i p  a t  t h e  r i g h t  side and conta ins  a r ad io  t r a n s m i t t e r ,  an auto- 
ga the r ing  device,  a monocular s i g h t  , and an op t iona l  IFF i n t e r r o g a t o r  
system. The c o n t r o l s  c o n s i s t s  of a t r i g g e r ,  thumb-controlled j o y s t i c k  
and switches f o r  fuze  opt ion,  auto-gather,  and guidance command 
frequency change 

The Blowpipe i s  made ready i n  less than  f i v e  seconds by c l i p p i n g  t h e  
aiming u n i t  onto t h e  c a n i s t e r .  The gunner then  grasps  t h e  f r o n t  of t h e  
c a n i s t e r  with h i s  l e f t  hand and c l ips  t h e  hand gr ip  on t h e  aiming u n i t  
wi th  h i s  r i g h t  hand and supports  t h e  remainder of t h e  launcher  wi th  h i s  
r i g h t  shoulder .  

H e  acqui res  t h e  t a r g e t  i n  a f i v e  power monocular s i g h t .  H e  then  
switches on t h e  system, selects t h e  frequency of t h e  guidance 
t r a n s m i t t e r  u n i t  and t h e  mode of t h e  fuze (proximity o r  c o n t a c t ) .  

I n  add i t ion  t o  t h e  monocular s i g h t ,  t h e  aiming u n i t  is  also f i t t e d  wi th  
a sensor  which d e t e c t s  t h e  p o s i t i o n  of t h e  m i s s i l e  i n  r e l a t i o n  t o  t h e  
l ine-of-s ight .  The missile is f i t t e d  with f l a r e s  which provide outputs  
for both v i s u a l  and automatic IR t racking.  The e r r o r  s ignals  generated 
i n  t h e  sensor  are a l s o  s e n t  t o  t h e  m i s s i l e  v i a  a r a d i o  t r a n s m i t t e r  in 
t h e  aiming u n i t  and an aerial i n  t h e  c a n i s t e r .  
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A r e c e i v e r  i n  t h e  m i s s i l e  then  passes  t h e s e  s i g n a l s  t o  t h e  c o n t r o l  u n i t  
and t h i s  au tomat ica l ly  br ings  t h e  weapon t o  t h e  l ine-of -s ight  t o  t h e  
t a r g e t .  The e f f e c t i v e  range is dependent on t h e  a v a i l a b l e  speed and 
la te ra l  a c c e l e r a t i o n  a f t e r  t h e  burnout of t h e  second s t a g e  motor. For 
long range targets t h e  automatic guidance w i l l  cease a f t e r  t w o  or t h r e e  
seconds and a f t e r  t h e  m i s s i l e  i s  under c o n t r o l  of t h e  airner's thumb. 

To f i r e  t h e  gunner releases t h e  s a f e t y  ca t ch  and squeezes t h e  t r i g g e r  t o  
a c t i v a t e  t h e  genera tor  which supp l i e s  cu r ren t  t o  the thermal b a t t e r i e s  
i n  both t h e  c a n i s t e r  and m i s s i l e .  The gyro of t h e  missile i s  run  up by 
t h e  action of t h e  c o r d i t e  burning charge, i n i t i a t e d  by t h e  thermal  
b a t t e r y .  The gas overpressure blows off t h e  c a n i s t e r  s e a l i n g  cover. 
The m i s s i l e  i s  launched by t h e  boos te r  motor, which burns ou t  before t h e  
missile e x i t s  from t h e  tube  and at a s a f e  d i s t a n c e  from t h e  gunner. The 
m i s s i l e  is acce le ra t ed  t o  supersonic  speed by its s u s t a i n e r  motor. 

Af t e r  burnout i t s  c r u i s e s  as a f u l l y  con t ro l l ed  d a r t  and i n  
au tomat ica l ly  gathered i n t o  t h e  c e n t e r  view f i e l d  of t h e  gunner who then  
guides  i t s  t o  t h e  t a r g e t  with t h e  thumb-controlled joys t i ck .  

When t h e  m i s s i l e  i s  being manually guided it is  qot  necessary t o  keep 
t h e  m i s s i l e  p e r f e c t l y  on t r ack .  The aimer only needs t o  keep t h e  t a r g e t  
i n  t h e  f i e l d  of view with t h e  monocular. However i f  necessary t h e  
automatic guidance system can be disengaged and t h e  m i s s i l e  flown t o  
t a r g e t  on complete manual cont ro l .  

The m i s s i l e  can be detonated by e i t h e r  a proximity or con tac t  charge. 
The warhead is a dual  b l a s t  shaped charge type  and is  capable  of 
pene t r a t ing  armor p l a t e .  

SPECIFICATIONS 

TYPE: two s t a g e  l o w  a l t i t u d e  

LENGTH 
m i s s i l e :  1.35 m 
c a n i s t e r :  1.40 m 

DIAMETER: 0.076 m 

WING SPAN: 0.275 m 

WEIGHT 
aiming un i t :  6.2 kg 
m i s s i l e :  11.0 kg 
m i s s i l e  i n  c a n i s t e r :  14.5 kg 

PROPULSION: dual-base s o l i d  p rope l l an t  boos te r  and s u s t a i n e r  rocke t  
motors 

GUIDANCE: IR-auto gather ing,  then  command t o  l ine-of -s ight  (CLOS) 

WARHEAD: 2.2 kg HE dual  fragmentation shaped charge with con tac t  and 
proximity fuze 

MAX SPEED: Mach 1 

MAX ENGAGEMENT RANGE: 3500 m 

M I N  EFFECTIVE RANGE: 700 m 

MAX EFFECTIVE ALTITUDE: 2500 m 

MIN EFFECTIVE ALTITUDE: 10 m 

FOR OFFICIAL, USE ONLY 
A-30 

f 



. 
FOR OFFICIAL USE ONLY 

DEPLOYMENT 

Afghanistan (Mojahedin guerrillas), Argentina, C a n a d a ,  C h i l e ,  E q u a d o r ,  
Malawi, Nicaragua (Contra  guerrillas), Nigeria, Oman, Pakistan, 
Portugal, Qatar, Thailand, United Kingdom 

Figure  A-11 Shorts Blowpipe 
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UNITED STATES 

General Dynamics FIM-92 Stinger L o w  Altitude surface-To-Air Missile 
system 

Description: A Stinger system (also referred as the FIM-92A) comprises 
the launcher assembly with a missile, a grip stock, an IFF interrogator, 
and an argon Battery Coolant Unit (BCU) which consists of a squib 
activated argon gas coolant unit and an electrical generating chemical 
battery. 

The launcher assembly consists of a glass fiber launch tube with 
frangible end covers, a sight, coolant line, gyro-boresight coil, and a 
carrying sling. The grip stock is fitted with an Impu!.se Generator (BCU 
energized), a seeker head uncage bar, a weapons release trigger, an 
AN/PPX-1 IFF interrogator switch, and a foldable antennae. 

The missile consists o f  a two stage solid propellant rocket motor and is 
fitted with a cooled passive conical scan reticle seeker with discrete 
electronic components that provide signal processing. The seeker 
processes t h e  IR energy received from the target in the 4.1 to 4.4pm 
wavelength region and determines the its relative angle and then, by 
using a proportional navigation guidance technique, continues to predict 
an intercept point. 

In the FIM-92B version the reticle seeker unit is replaced by one which 
uses an optical processing system. This has two detector materials; one 
sensitive to IR and the other sensitive to W energy. The two are 
incorporated into a single microprocessor which is integrated into the 
micro-electronic circuitry for the signal processor. 

In all cases the seeker output is sent ae steering data to the guidance 
assembly which converts it into a guidance signal format for the control 
electronics. This module then commands the two moveable (of four) 
control surfaces to maneuver the weapon onto the required intercept 
course. The control concept used is known a B  a single channel rolling 
airframe type and, as such, considerably reduces both the missile weight 
and manufacturing cost. As the weapon nears its target the seeker head 
activates its Target Adaptive Guidance (TAG) circuit within one second 
of impact to modify its trajectory away from the exhaust plume towards 
the critical area of the IR target itself. The fuzing system allows €or 
both contact activation as well as missile self-destruct after 20 
seconds of flight time following launch. 
warhead 
desired blast-fragmentation affect is achieved. 

A typical engagement follows this sequence of events. 
target the gunner shoulders the system, inserts the BCU into its grip- 
stock receptacle, and unfolds the IFF antennae. He then removes the 
front protector cover of the launcher tube to reveal the IFF or I R / W  
transparent frangible disks, raises the open sight assembly and connects 
his belt pack IFF interrogator via a cable to the grip-stock. 
gunner is now ready to visually acquire the target. 
using the sight and estimates its range with the estimation facility on 
the system. 
ANIPPX-1 IFF system. 
activate the weapon. The azimuth coverage of the 10 km range IFF system 
is essentially the same as that of the optical sight enabling the gunner 
to associate responses with the particular aircraft he has in view. 
audio signal 0.7 seconds after the IFF challenge switch is depressed 
provides the gunner with the cue as to whether the target is friendly or 
not. 

The 3 kg Picatinny Arsenal 
carried has a smooth fragmentation casing to ensure that the 

Once alerted to a 

The 
He does this by 

If required he now interrogates the target using the 
This can be done by the gunner without having to 

An 
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If the target is unfriendly the gunner will track the target and 
activate the weapons system by depressing the impulse generator switch. 
This causes the impulse generator to energize the BCU which then 
releases its pressurized argon gas coolant to the IR detector and 
generates a dual polarity 20V DC output for at least 45 seconds to 
provide a11 the prelaunch electrical power required €or the seeker 
coolant system, gyro spin up, launcher acquisition electronics, guidance 
electronics, activation of the missile's onboard thermal battery, and 
ignition of ejector motor. 

The seeker is allowed to look at the target through the IR or I R / W  
transparent front launcher disk  and when sufficient energy is received 
by the detector for acquisition to occur an audio signal is sent to the 
gunner. Total time required €or tracking and missile activation is  
about six seconds. He then depresses the seeker uncage bar and, using 
the open sight, inserts the super-elevation and lead data. 

Once this is accomplished he depresses the firing trigger which 
activates the missile battery. This powers all the missile functions 
after launch and operates for approximately 19 seconds until the dual 
polarity 20V DC output drops below.the required minimum for use. 
brief time delay occurs following which the umbilical-connector to the 
grip-stock is retracted and a pulse is sent to ignite the ejector motor. 
Total time to motor ignition from depressing of the firing trigger is 
only 1.7 seconds. Upon ignition the initial thrust generated imparts 
roll to the missile airframe and starts the fuze timer system. The 
missile and its exhaust then breaks through the frangible disks at 
either end of the launcher tube. 

Before the missile clears the end of the launch tube the ejector motor 
burns out in order to protect the gunner from the rocket blast and two 
movable control surfaces spring out. Once it clears the tube the folded 
tail fins open out and the ejector motor is jettisoned. The missile 
then coast to a predetermined safe distance where the fuze timer ignites 
the combined booster/sustainer rocket motor. When the correct 
acceleration rate is reached one second into the flight the warhead i s  
armed and the self-destruct system timer is  activated. 

The seeker continues to track the target throughout the flight with the 
electronics processing the received signals to eliminate or reduce the 
line-of-sight pointing angle to the target. The weapon flies a 
proportional navigation path to the interception point near to which the 
TAG circuit is activated and a signal is generated within the seeker 
head to add bias to the steering signal causing the missile airframe to 
guide itself into a vulnerable part of the target. 

The missile is capable of tracking an 8 g maneuver 

A 

SPECIFICATIONS 

TYPE: two stage low altitude 

LENGTH: 1.52 m (missile) 

DIAMETER: 0.070 m (missile) 

WING SPAN: 0.091 m 

WEIGHT 
missile : 10.1 kg 
missile and launcher:. 15.7 kg i. 

PROPULSION: s o l i d  fuel ejector and boost/sustainer rocket motors 
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GUIDANCE: paesive I R  (FIM-92A), passive I R / W  (FIM-92B/C) 

WARHEAD: 3 kg HE fragmentation w i t h  contact fuze 

MAX SPEED: Mach 2.2 

MAX ENGAGEMENT RANGE: >4000m (FIM-92A), >4500 m (FIM-92B/C) 

MIN ENGAGEMENT RANGE: 200 m 

MAX ENGAGEMENT ALTITUDE: 3500 m (FIM-92A), 3800 m (FIM-92B/C) 

MIN ENGAGEMENT ALTITUDE: ground level 

DEPLOYMENT : 

Afghanistan (Mojahedin guerrillas), Angola (UNITA guerrillas), Bahrain, 
Chad, Denmark, France, Germany, Greece, Israel, I t a l y ,  Japan, South 
Korea, Netherlands, Pakistan, Qatar, Saudi Arabia, Switzerland, Turkey, 
United Kingdom, United States 

Figure A-12 FIM-92 Stinger 
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General Dynamics FIH-43 Redeye L o w  Altitude Surface-To-Air Missile 
System 

Descript ion:  
i n  t h e  f i e l d  before  f i r i n g .  It i s  f i t t e d  with a two-stage s o l i d  
p rope l l an t  rocke t  motor which acts as both t h e  e j e c t o r  and s u s t a i n e r .  
The 2 kg warhead i s  an HE-fragmentation type  and can be detonated when 
t h e  con tac t  fuze m e e t s  a solid objec t .  However i f  no contac t  i s  made 
a f t e r  15 seconds of f l i g h t  t h e  missile se l f -des t ruc t s .  

The m i s s i l e  i s  sea l ed  i n  i ts  launcher and is not  removed 

The Redeye comprises t h r e e  components; t h e  M62A2 moulded material 
launcher  assembly, t h e  M41 m i s s i l e ,  and i t s  launcher ba t t e ry / coo lan t  
u n i t .  The launcher includes an i n t e g r a l  gr ip-s tock f a b r i c a t i o n ,  an open- ' 

s i g h t  a p e r t u r e  and cover,  a d  t h e  m i s s i l e  launcher-container tube.  The 
f r o n t  end seal of t h e  la t ter  i s  t r anspa ren t  t o  I R  r a d i a t i o n  t o  a l low t h e  
m i s s i l e  seeker  t o  sense t h e  t a r g e t .  N o  IFF i n t e r r o g a t o r  system i s  f i t t e d  
so t a r g e t  i d e n t i f i c a t i o n  l e f t  s o l e l y  t o  t h e  gunner 's  v i s u a l  
i d e n t i f i c a t i o n .  Once he dec ides  t o  engage a t a r g e t  he starts a sequence 
o f  a c t i o n s  which must not  exceed 30 seconds due t o  t h e  a c t i v e  l i f e  of 
t h e  b a t t e r y  u n i t .  

The f i r s t  is t o  i n s e r t  t h e  ba t t e ry / coo lan t  device i n t o  t h e  l aunche r ' s  
r e c e p t o r  and then,  when t h e  target is  i n  range, he engages t h e  s a f e t y  
and a c t u a t o r  system which a c t i v a t e s  t h e  ba t t e ry / coo lan t  u n i t  and sends 
l i b e r a t e d  f reon  gas i n t o  t h e  missile seeker  where it expands t o  cool t h e  
I R  d e t e c t o r .  

The 7.5 power magnif icat ion open-eight with i t s  2 5 O  field-of-view i s  
then  p laced  on t h e  t a r g e t ,  and t a r g e t  range and e l e v a t i o n  i s  determined 
i n  one opera t ion .  Any IR r a d i a t i o n  received from t h e  t a r g e t  is then  
allowed t o  focus through t h e  front-end seal onto t h e  s e e k e r ' s  d e t e c t o r  

achieved, an audib le  and v i s u a l  s i g n a l  i n d i c a t e s  t o  t h e  gunner t h a t  t h e  
missile has acquired t h e  t a r g e t .  
switch to uncage t h e  weapon's gyro system, which has a l ready  spun up t o  
speed, and depresses  t h e  f i r i n g  t r i g g e r  on t h e  gr ip-s tock.  This causes 
an electr ic  squib t o  i g n i t e  a t h e m i t e  charge t h a t  m e l t s  an e l e c t r o l y t e  
i n  t h e  b a t t e r y  which develops a 40 V output  wi th in  0.5 seconds. The 
m i s s i l e  e j e c t o r  motor f i r e s ,  t h e  exhaust gas breaks through t h e  rear 
f r a n g i b l e  end cover seal and impinges on t h e  folded t a i l - f i n s ,  and 
causes  t h e  weapon t o  s p i n  wi th in  t h e  tube.  Once an acce le ra t ion  of 28 g 
is  reached an i n e r t i a l  switch i n  t h e  fuze timer c l o s e s  and t h e  fuze  
timer c i r c u i t  becomes l i v e .  The e j e c t o r  motor burns out i n  a f r a c t i o n  
of  a second before t h e  m i s s i l e  emerges through t h e  f r o n t  seal cover i n  
o rde r  to p r o t e c t  t h e  gunner from blast  burns. 
coas t ing  phase from t h e  launcher muzzle, t h e  four  f i x e d  t a i l - f i n s  and 
t h e  two moveable nose f i n s  deploy. A t  1.16 seconds i n t o  t h e  f l i g h t ,  and 
approximately six t o  seven meters i n  f r o n t  of t h e  gunner 's  pos i t i on ,  t h e  
t i m e r  fuze  c i r c u i t  ignites t h e  second-stage s u s t a i n e r  motor, a r m s  t h e  
warhead, and prepares  it f o r  detonat ion.  

1 cel l .  When s u f f i c i e n t  energy is received t o  enable  a lock-on t o  be 

H e  then  holds down t h e  uncaging bar 

During t h i s  b r i e f  

I n  t h e  meantime t h e  con ica l  o p t i c a l  I R  seeker  i s  con t inua l ly  measuring 
t h e  d i f f e r e n c e  between t h e  gyro l ine-of-s ight  and t h e  IR source it is 
looking at. This da t a  is converted i n t o  t r ack ing  e r r o r  s i g n a l s  which 
are t h e n  used i n  a t r ack ing  servo-loop t o  con t inua l ly  re -pos i t ion  t h e  

4 
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seeker so that it stays aimed at the target. The use of this tail-chase 
proportional navigation guidance technique means that any violent 
maneuvering target, especially if it is deploying an IR decoy, has a 
very good chance of breaking the seeker lock and evading the missile. 

During flight, canted nozzles impart roll to the miseile which allows a 
single-axis control system to be used. The pair of 15O canted control 
fins near the nose are then commanded to snap in and out as required by 
this system, which is directed by the tracking guidance signals already 
generated by the seeker's IR homing package. Once in contact with the 
target the titanium warhead is detonated. 

If it fails to hit a target after its set flight time the warhead 
automatically self-destructs. 

SPECIFICATIONS 

TYPE: two stage low altitude 

LENGTH: 1.28 m (missile and launcher) 

DIAMETER: 0.070 m (missile), 0.092 m (launcher) 

WING SPAN: 0.140 m 

WEIGHT 
mi s s ile : 8.2 kg 
missile and launcher: 13.1 kg 

PROPULSION: solid fuel dual thrust ejector and sustainer rocket mot 

GUIDANCE: passive IR 

WARHEAD: 2 kg HE fragmentation with contact fuze 

MAX SPEED: Mach 1.6 

MAX ENGAGEMENT RANGE: 5500 m 

MIN ENGAGEMENT RANGE: 500 m 

MAX ENGAGEMENT ALTITUDE: 2700 rn 

MIN ENGAGEMENT ALTITUDE: ground level 

DEPLOmNT 

r 

Afghanistan (Mojahedin guerrillas), Chad, Denmark, El Salvador (FMLN 
guerrillas), Germany, Greece, Israel, Jordan, Nicaragua (Contra 
guerrillas), Saudi Arabia, Somalia, Sudan, Thailand, Turkey, United 
States 
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Figure A-13 FIX 43 Redeye 
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YUGOSLAVIA 

SPDR Strela-aM/A L o w  Altitude Surface-To-Air Missile System 

Description: The Strela-2M/A (Yugoslavian military designation S-2M/A) 
is a locally built derivative of the Soviet Strela-2M (SA-7 ) .  

The S-2M/A varies from the Soviet model in that the electronics system 
in the single channel passive IR seeker have been miniaturized, allowing 
the warhead section to be enlarged and increased in weight by 20% with 
the following advantages cwmpared to the Strela-2M warhead: 

a) a 40% increase in weight of the explosive charges carried 
versus 0.370 kg); 

b) a 40% increase in blast effects; 

c) a 30% increase in overall fragmentation effect; 

d) a 30% increase in total warhead efficiency; 

e) a 0.2% increase in a single shot kill probability 

0.518 kg 

NOTE: This weapons system is utilized by a l l  factions involved in the 
current Yugoslavian conflict. 

SPECIFICATIONS 

TYPE: t w o  stage low altitude 

LENGTH: 1.440 m (missile), 1.500 (launch tube 

DIAMETER: 0.072 m (missile) 

WEIGHT 
missile : 9.85 kg 
missile and launcher: 15.00 kg 

PROPULSION: solid fuel booster and solid fuel sustainer rocket motor 

GUIDANCE: single-channel passive IR 

WARHEAD: 1.32 kg HE-smooth fragmentation with contact and grazing fuze 

MAX SPEED: Mach 1.5 

MAX ENGAGEMENT RANGE: 4200 m (receding), 2800 m (approaching) 

MAX TARGET ENGAGEMENT SPEED: 260 m/s (receding), 150 m/s (approaching) 

MAX ENGAGEMENT ALTITUDE: 2300 m 

MIN ENGAGEMENT ALTITUDE: 15 rn 

DEPLOYMENT 

Croatian militia, Serbian militia, Slovenian Civil Defense (TO, 
Teritorjaina obramba), Yugoslavia 
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Figure A-14 SPDR Strela-aM/A 
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SOVIET/RUSSIAN MISSILE DESIGNATORS 

Since the early 1980's the Soviet*s/Russian*s have introduced a system 
of designators for specific missile systems and components 

Designator numbers and specific systems for MANPAD system6 include: 

8 

SA-16 " G i m l e t "  

9M39 : Launch Tube 

9M313 : Launch Tube 

9M313-1: Launch Tube 

9P515-2: Grip-Stock 

SA-7 'I Grail ** 

9K32 : SA-7 System 

9M32 : SA-7a Missile 

9K32M: SA-7b System 

9M32M: SA-7b Missile 

9b17: SA-7b Thermal Battery Supply Unit 

9K32M1: SA-7c System 

9M32M1: SA-7c Missile 

9PS4: Launch-Container Canister 

9P54M: Launch-Container Canister 

9P53: Grip-Stock 

9P58: Grip-Stock 

Other missile types include: 

9Mlxx: Anti-Tank Missiles 

9M2xx: Unguided Rockets 

9M3xx: SAMs 

9M7xx: Surface to Surface Missiles 

. .  
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APPENDIX c 
SAMPLE DATA COLLECTION SHEET 
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10) PHOTOGRAPHIC EQUIPMENT 

A) STILL CAMERAS (BODY, LMS, LENS SETTING, TYPE FILM) 

B) MOTION CAMERA (BODY, LENS, LENS SETTING, TYPE FILM) 
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C )  CAMERA LOCATIONS IN RELATION TO AIRCRAFT DIAGRAM 

11) WEATHER CONDITIONS: 

A: TEMPERATURE: 

B: WIND DIRECTION AND SPEED: 

C :  CLOUD COVERAGE: 

D: SIGNIFICANT WEATHER ACTIVITY: 

12) SHOT SUCCESS (YES OR NO): 

13) IF NO, REASON FOR MAZ,FUNCTfON: 

14) AIRCRAFT DAMAGE AFTER SHOT: 
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